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PREFACE TO THE FIRST EDITION 

The chief aim of this book is to present shortly, read- 
ably, and relevantly as much of the vast subject of 
bacteriology as a medical student or practitioner needs 
to know ; leaving details of technique to a practical 
course, and emphasizing the wider biological relations 
of microbe and man. 

This method of presentation may, if successful, help 
to correct the feeling, surprisingly common among stu- 
dents, that bacteriology is a dull subject. An impres- 
sion so mistaken as this can only arise from faulty 
presentation ; from the attempt to inculcate too many 
facts, and the failure to make them sufficiently inter- 
esting and relevant to the student’s purpose in life. 

I wish to acknowledge most gratefully the help of 
various colleagues and friends: Dr. R. L. Vollum, who 
has corrected for me many errors and obscurities; 
Professor G. Dreyer and Dr. E. W. Ainley Walker, 
who have given me encouragement and many valuable 
suggestions; and finally Mr. D. H. Waterfield, whose 
literary judgement has helped me to eliminate many 
faults of expression. 


Se/pi,, 1933. 


A. D, G. 
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CHAPTER I 

BACTERIA AND THEIR SIGNIFICANCE 
TO MAN 

Discovery of Microbes. The Germ Theory 
of Disease 

In 1675 Leeuwenhoek, a linen-draper of Delft, turning 
his improved microscope to the examination of stag- 
nant water, saw minute rod-shaped or spherical or- 
ganisms which he describes as ‘one thousand times 
smaller than the eye of a big louse’. 8oon after this 
he observed similar objects in scrapings from his teeth, 
and his drawings leave no doubt that they were bac- 
teria. He had, however, no inkling of their signifi- 
cance, and two hundred years had to pass before it 
was realized. 

Since the earliest times chemists had regarded the 
fermentation of sugary fluids as an interesting and 
obscure phenomenon, and had considered as a chemi- 
cal substance the shmy matter (yeast) that collects on 
the bottom of the vessel. This belief persisted until 
the middle of the nineteenth century, when yeast was 
shown to be a microscopic plant or fungus. 

The truth of this discovery, however, was not 
generally accepted until Louis Pasteur, the brilliant 
French chemist, proved in 1854 that in the fermenta- 
tion of sugar and other substances the production of 
alcohol, CO 2 gas, and organic acids is due to the vital 
activity of yeasts and bacteria. 

This glimpse of microbes as the cause of chemical 
degradation of organic matter led Pasteur to investi- 
gate the ‘diseases’ of wine and beer, which he soon 
showed to be due to the growth of fungi, and to be 
preventible by the exclusion of these contaminating 

B 
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organisms, or by heat-sterilization of the finished and 
bottled product. 

The ‘diseases of wine and beer’ having been proved 
microbial, why not also those of animals and man ? 
An epidemic disease of silkworms was disorganizing 
the silk industry in France; Pasteur at once started 
investigations, and although he did not identify the 
causative microbe (a parasitic protozoon), he showed 
that the disease could be eradicated by acting on the 
assumption that a microbe was at work. From this he 
passed to diseases of animals and man, and made a 
series of discoveries of the first importance w hich went 
far to establish the Germ Theory of disease. His 
experimental proof that microbes are not generated 
spontaneously out of dead of^hic matfer is ’‘one of 
The classics of scientific research. 

Hardly second to Pasteur in importance w as Robert 
Koch, who, working independently in Germany, 
proved in 1870 that Bacillus anthracis is the cause of 
anthrax in animals and man ; and that blood-poison- 
ing (septicaemia) is due to the invasion of the body by 
bacteria. Most of the technical methods which we 
practise to-day were invented by these two men. 

Meanwhile Joseph Lister of Edinburgh had long 
been searching for the causes of wound -putrefaction, 
when Pasteur’s publications on fermentation showed 
him the tremendous possibilities of the Germ Theory. 
If it is the entry of microbes into wounds during 
operations that sets up suppuration or gangrene, 
steps should clearly be taken to prevent it. .By instal- 
ling a carbolic spray in the operating-theatre, to kill 
all bacteria that might drop into the wound. Lister 
effected an immediate and a.stonishing reduction of 
operative w^ound-sepsis. Nevertheless, it took a long 
time for the method to gain acceptance among sur- 
geons. The ‘aseptic’ (germ-excluding) technique, to 
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which the advance of modern surgery has been chiefly 
due, is the direct development of Lister’s ‘antiseptic*/ 
(germ-destroying) method. 

General Characters and Activities of Bacteria 

Bacteria are minute unicellular plants of very simple 
structure, devoid of chlorophyll and showing no con- 
jugation or other sign of sexual life. The individual 
cells arc so small that aggregates of 1,000 or more are 
only just perceptible by the naked eye. Under the 
microscope, with a magnitication of oOO to 1,000 
diameters, they appear in one or other of the following 
forms : 

Form Fame 

Spheroid Coccus 

Straight Rod Bacterium, Bacillus, 

and various other 
names 

Curved Rod Vibrio 

Spiral Rod SpmUum and Spiro- 

chaete 

Branching threads (filaments) Actinomyces 

The botanical name for bacteria is ‘ Schizomycetes 
i.e. splitting fungi. It indicates that they have much 
in common with the true fungi, but that they repro- 
duce solely by the fission of a full-grown cell into 
two halves. Bacteria may also properly be called 
‘microbes’, a term however, which includes other 
microscopic organisms, such as yeasts, moulds, and 
pathogenic (disease- causing) protozoa. 

The Distribution, Life -habits, and 
Significance of Bacteria 

The soil is teeming with bacteria ; the purest natural 
water is not free from them. In Arctic snow’ and in the 
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hot springs of America they survive and even multiply. 
They are very numerous in the dusty air of towns and 
houses, but scanty in the pure atmosphere of moun- 
tains and open plains. 

If we expose a flat dish of meat-infusion- jelly for 



Fig. 1. Forms of Bacteria 

A. Cocci. B. liodH : Jiacteriiim., Bacillug, C. Spiral organisms 
iVibrio, <Spirillum, SpirocJiaetes). D. Actinomyces. 

a few minutes in any inhabited room, then cover it 
and put it in a dark, warm cupboard over-night, we 
shall see in the morning little white or coloured disks 
on the surface of the jelly. These are ‘colonies’ of 
bacteria, formed by the multiphcation of single cells, 
which were deposited out of the air in those few 
minutes. 

lAfe-habita. (\) Saprophytes. The great majority of 
bacteria are harmless to man and animals. They live 
on decaying organic matter in soil and water, and are 
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therefore classed as saprophytes. Many of them, how- 
ever, are important to us as the cause of the souring 
and putrefaction of foodstuffs, and as fertilizing the 
soil by their chemical actions. 

(2) Parasites. A good many species have become 
adapted to a life on or in the bodies of larger creatures, 
and the association may take any of three forms ; viz. 

(a) Symbiosis^ (b) Commensalism, (c) Pathogenicity. 
These varieties of parasitism are only distinguishable 
clearly in their typical forms, since each shades over 
imperceptibly into the others. 

(a) Symbiosis. Certain plants and insects tolerate the 
growth of bacteria and moulds in their tissues, and 
even thrive better with than without them. One of 
the best-known instances is the growth of a bacterium 
(Rhizobium leguminosarum) in the root-nodules of 
leguminous plants. This bacterium has the power of 
‘ fixing ’ atmospheric nitrogen and of synthesizing the 
nitrites and nitrates which nourish the plant and en- 
rich the soil. Although many other interesting cases 
of symbiosis are known in plants and insects, none has 
been yet described in the higher animals or man. 

(b) Commensalism. Certain bacteria live on the ex- 
ternal and internal surfaces of the body, nourished by 
the secretions of the skin or by the half-digested con- 
tents of the intestine (Table XXVI, p. 266). Although 
they are normally harmless, some of them are able on 
occasions to cause inflammation, if they gain access to 
the tissues owing to local damage or functional dis- 
turbance (e.g. Pact, coli, p, 97). 

(c) Pathogenicity. A limited number of species are 
able to grow and multiply in the tissues, where their 
body- constituents or excretions irritate and damage 
the cells. The symptoms of the various infective 
diseases are the direct or indirect result of this damage. 
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At the same time it provokes a strong defence-reaction 
(Chap. XV), which generally succeeds in eliminating 
the invader. During the course of the illness, however, 
a few of the bacteria are generally transferred by some 
means or other to a fresh ‘host’, so that the species is 
not exterminated. 

Infection aiid invasion. The transference of patho- 
genic microbes to a susceptible subject is called Infec- 
tion. Disease, however, does not result unless invasion 
of the tissues takes place. This term must not be 
taken literally, since bacteria have little or no power 
of active progress through tissues : and of course they 
are innocent of malicious intention. Invasion really 
consists of a passive distribution of the bacteria by 
the movements of blood or lymph, and by w^andering 
phagocytes which have ingested but failed to digest 
the bacteria (p. 230). 

Vehicles and Channels of Infection 

The main vehicles of infection are the air w e breathe, 
our food, and our drink. 

Air-borne infection. Inspired air may contain two 
kinds of infective particles: dust, holding dried but 
still living bacteria ; and droplets of saliva or mucus, 
coughed or sneezed out by an infected person. Small 
droplets dry w^hile falling, and the contained microbes, 
only a proportion of w^hich are killed by the drying, 
remain suspended for a long time and may be carried 
a considerable distance by air- currents. Large drop- 
lets, received direct from the source, naturally contain 
a larger dose of living microbes and are therefore the 
greatest menace of all. 

The diseases spread by droplet infection are many 
and dangerous. Diphtheria, scarlet fever, meningitis, 
measles, influenza, pulmonary tuberculosis, whooping- 
cough, and colds by no means exhaust the list. 
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One of the difficulties in preventing the spread of 
infectious diseases is that infectiousness often precedes 
the onset of the illness. During the first day or two of 
measles, for example, the patient seems merely to have 
a cold, yet all the time he is spreading the virus abroad. 
Similarly, in whooping-cough the only symptom in 
the first week is an ordinary cough, yet the expelled 
droplets are laden with the causative microbe, 
Haemoj)hilus pertussis. Thus it is towards the end of 
the ‘incubation period ’ — the period when the microbes 
are multiplying and invading the tissues — that the 
spread of droplet-infection is at its height. 

Infection hy food. Cookery saves us from many evils, 
since the heat to which food is subjected is enough to 
kill most bacteria. But there are many risks of con- 
tamination betw een the cooking and the eating. Bac- 
teria of the ‘food- poisoning’ group {Salmonella enteri- 
tidis; Salm. typhimvriumy &c.) may be deposited 
in the food either by a ‘carrier’ (see below^) among the 
kitchen staff, or bj^ rats, mice or flies; and w’ill 
multiply freely if the food is moist and warm. Out- 
breaks of gastro-enteritis with severe diarrhoea and 
vomiting are often due to contaminated food, 
especially meat-pies from inferior eating-houses. An- 
other and more dangerous type of food-poisoning 
called botulism is due to Clostridium botulinum,^ which 
produces a violent poison during its growth in canned 
food. 

Milk is a vehicle of many infections. Direct from 
the cow comes the bovine type of Mycobacterium tuber- 
culosis y which lodges in the bones, joints, and lymph - 
nodes of children; and Brucella abortus, which some- 
times causes a prolonged and troublesome ‘undulant’ 
fever. Moreover, milk is an excellent culture-medium 
for most bacteria, so that if a few pathogenic organ- 
isms are coughed into the pail or deposited in it by the 
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dirty hands of a milkman, they will multiply greatly 
before the milk is consumed; and since milk from 
various sources is often mixed in bulk, a widespread 
epidemic may result. Diphtheria and scarlet fever may 
be spread in this way by a ‘ carrier ’ (see below) among 
the dairy staff. 

Water-borne infection. Streams and rivers may be 
contaminated by human and animal excreta from the 
surface of the land, or by sewage from dwellings. 
Leaking drains may discharge into a well or a reser- 
voir, and if the drainage contains the discharges from 
a case of typhoid fever, cholera or some kindred 
disease, an epidemic is likely to break out. 

Infection by human 'carriers'. After recovery from 
an infectious illness a small proportion of persons con- 
tinue to ‘ carry ’ the living microbe for periods varying 
from a few weeks to a lifetime. After an attack of 
diphtheria or scarlet fever the microbes may persist on 
the surface of the mucous membrane of nose and 
throat, no longer able to invade the immunized tissues 
(p. 136). After typhoid fever the ‘typhoid bacillus 
monella typhi, will sometimes survive and multiply 
for years in the gall-bladder, whence it is periodically 
discharged in the faeces. In dysentery chronic ulcers 
of the large intestine, compatible with fairly good 
health, may discharge Bad. dysenteriae for a long time. 
Finally there are certain bacteria, such as the menin- 
gococcus {Neisseria meningitidis) y which are ‘carried’ 
in the nasopharynx of a considerable proportion of 
normal people. It may well be asked why these per- 
sons do not die of meningitis. As we shall see in 
Chapter XV, the explanation lies in the high natural 
immunity of most individuals to this organism, where- 
by any cocci that penetrate the mucous membranes 
are destroyed before they do any harm. 

Insects as carriers of infection. Pathogenic microbes 
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of various species are disseminated by mosquitoes, 
flies, fleas, bugs, and lice. The plasmodium of malaria 
is sucked up by a mosquito with the blood of an in- 
fected man, and after undergoing a cycle of develop- 
ment in the creature’s body it is transferred by another 
bite to a fresh human host. 

Flies pick up bacteria and viruses on their legs from 
dung or offal, or they swallow and afterwards excrete 
them into our food. The intestinal infections, dysentery 
and typhoid fever, are often spread in this wa3^ 

The fleas of rats carry the microbe of plague (Pfeif- 
ferella peMu) from their dying hosts to human beings ; 
and lice spread typhus fever in squalid and underfed 
communities. 

Individual and Community Infection 

When an infectious disease attacks a population we 
call it an epidemic. Many diseases break out periodi- 
cally in epidemic form, and in the intervals the in- 
fection is kept alive either by a thin succession of 
scattered (sporadic) cases, or by carriers. Such diseases 
are said to be endemic in the community. 

There is good evidence that in areas where an epi- 
demic is raging many persons receive snbinfective doses 
of the microbe, i.e. doses too small to overcome their 
natural resistance, but sufficient to inoculate them 
against subsequent infection. For example it has been 
shown that in a school which has suffered from re- 
current epidemics of diphtheria man}^ boys who have 
shown no symptoms of infection have nevertheless 
become immune. This is proved by their increased 
resistance to the toxin of Cortjnehacierimn diphtheriae 
(‘The Schick Test’, p. 133). 

Again, evidence of the acquivsition of specific anti- 
bodies (Chapter XV) by individuals in contact with 
but not suffering from the disease has been obtained 
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during epidemics of typhoid fever, dysentery, and 
whooping- cough . 

An epidemic, therefore, may be pictured as the 
temporary spread of a pathogenic microbe in a sus- 
ceptible community, causing attacks of the disease in 
some individuals, and subinfection and immunity in 
others. Many individuals escape altogether, either by 
mere chance or because of an abnormally high natural 
or acquired immunity. 

When a community has recently suffered an epi- 
demic it is likely to remain for some time more in- 
fectious to new-comers than a normal community, 
because it will contain more carriers (latent com- 
munity-infection). 

The incidence both of individual and of herd-infec- 
tion is affected by many additional factors, such as the 
frequency and size of the ‘doses’ of infection to which 
the susceptible individuals are exposed, the weather, 
and the general state of nutrition of the community. 
In insect-borne diseases like malaria the geographical 
distribution and local prevalence of the carrying insect 
play a central role. 

Reaction ; Recovery ; Immunity 

The symptoms of illness — fever, malaise, inflam- 
mation, rashes, and the like — are manifestations of 
the reaction of the tissues to irritation by microbes. 

Some bacteria and viruses give rise almost invari- 
ably to acute illness which develops quickly, usually 
with fever and prostration, and runs its course in a few 
weeks. The infectious fevers, such as small-pox, 
measles, diphtheria and influenza, are instances of 
this type. The chronic diseases, such as tuberculosis 
and leprosy, tend to develop more slowly, and to last 
for months, years, or even a lifetime. Between these 
extremes there are intermediate states which we call 
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subacute. The manifestations of disease are, however, 
too variable to allow a precise classification on these 
lines. Acute illnesses may be prolonged into the 
chronic state, and microbes that generally cause 
chronic infection may sometimes give rise to the 
acutest of illnesses (e.g. Myc. tuberculosis). Moreover, 
a single species of microbe (e.g. Streptococcus) may 
cause a variety of generalized or localized infections 
of widely different (dironicity. 

Malaria, undulant fever and relapsing fever are 
examples of recurrent infection in which a series of 
acute attacks is punctuated by periods of compara- 
tively good health. The different types of reaction to 
infection are the expression of the different kinds and 
degrees of irritation and damage caused by microbes 
of different chemical structure and biological habit. 
The diphtheria bacillus, for example, multiplies quickly 
in the throat and secretes a powerful poison (toxin) 
which causes an immediate and intense disturbance of 
vital functions. The Mycobacterium of leprosy, on the 
other hand, develops slowly, secretes no tox^p . and 
gives rise at first only to a mild local irritation, which 
progresses slowly to disorganization and local death 
of the tissues. 

liecovery from infective disease is due largely to the 
destruction of the microbes hy phagocytes, i .e. leucocytes 
which first ingest and then digest them. This process 
is assisteni by the antibacterial and antitoxic properties 
(antibodies) of the blood-plasma, which increase greatly 
during the course of the infection (Chapter XV"). 

Immunity. Recovery leaves the body in a state of 
heightened resistance, or ‘acquired immunity’, to the 
particular species of microbe concerned. After some 
diseases the immunity is weak and of short duration 
(e.g. influenza, colds) ; after others, like measles or 
small-pox, the protection is powerfid and lifelong. 
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On recovering from an epidemic, a community 
appears generally to be immune for a time from further 
epidemics of the same kind. The degree and duration 
of the immunity probably depend on the number of 
individuals who have been immunized by infection or 
subinfection. With the gradual birth or immigration 
of new susceptible individuals the average level of im- 
munity slowly sinks, and the population returns to its 
normal susceptibility. 

It is, however, far from certain that acquired im- 
munity is the sole cause of the wane of epidemics ; in- 
deed it is likely that in some cases a progressive loss of 
virulence of the microbe and other undetermined 
factors may play an important part. 

Bacteriology, Medicine, and Research 

Among the chief contributions of bacteriology to 
medicine is a broader conception of infective disease. 
Our attention is no longer centred exclusively on the 
individual patient and his symptoms, but widens out 
to a review of all the biological relationships of 
microbes to man and to the animal and vegetable 
kingdoms. 

Moreover, a knowledge of the bacterial causes of 
disease and the vastly increased precision of diagnosis 
afforded by bacteriological methods permits a far 
more rational classification of diseases than one based 
on mere similarity of symptoms. We have learned, 
for example, that entirely different combinations of 
symptoms, which were formerly classed as separate 
diseases, may in reahty be the variable manifestations 
of a single infection ; and, conversely, what our pre- 
decessors held to be a single disease has in many cases 
proved to be due to several distinct bacterial causes. 

Again, the study of immunity has given us a glimpse 
of the delicate and complex self- cleansing and self- 
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protecting mechanisms of the body, and we have 
learned ways of fortifying or supplementing these 
reactions by preventive and therapeutic immunization 
with serums and vaccines (p. 247). 

The study of the properties and nature of viruses 
is in its infancy, and with improving methods of 
investigation it will continue to yield results of first- 
rate importance. 

Chemistry, moreover, is continually refertilizing the 
soil of microbiological research, both by illuminating 
the inner processes of intoxication and immunity, and 
by the rapid extensions of Chemotherapy (p. 259), 
which bid fair to revolutionize the treatment of infec- 
tions, A modern bacteriological research worker needs 
a much wider knowledge of the basic sciences than his 
predecessor; but with that equipment he has every 
expectation of rich rewards. 

The Aims and Principles of Practical Bacteriology 

Our first aim is diagnosis, i.e. the detection and 
identification of pathogenic microbes in suspected 
materials. The principles of procedure are as follows; 

( 1 ) Microscopic examination of pathological materials . 
Preliminary identification of the micro-organisms 
according to form and staining reactions. 

(2) Pure- cultivation and determination of cultural 
characters. 

(3) Examination of biochemical (fermentative) func- 
tions. 

(4) Finer identification by serological tests (antigenic 
analysis). 

(5) Tests of virulence and toxicity on animals. 

The next three chapters deal with these procedures 
and the principles on which they are based. 

Our second aim is the treatment of established in- 
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fections by specific means ; viz. by preparing efficient 
therapeutic antiserums, or vaccines (p. 248) for injec- 
tion into patients or by the administration of specific 
chemotherapeutic substances (p. 259). Finally, we 
aim at the preveyitimi of infection, by checking its 
spread and by raising the resistance of those exposed 
to infection by active or passive immunization (Chap- 
ters XV and XVI). 

Nomenclature and Glassification 

Until recent times bacteriologists have failed to 
agree on any proposed system of classification of bac- 
teria into genera and species. They were content, for 
example, to call all rod-shaped organisms Bacilli, how- 
ever widely remote in size, form and function. Simi- 
larly, all spheroidal cells were simply Cocci. The 
distinctive part of the name of a species was taken in 
one case from the discoverer, e.g. Bac. welchii; in 
another from the place of origin, e.g. Bac. melitensis 
(Malta), and in a third from the disease, e.g. Bac. 
pestis. 

The more systematic and rational nomenclature 
adopted in this book arranges the various kinds of 
bacteria in as many broad groups or genera as there 
are clear and constant group-differences. In place of 
the indefinite ‘Bacillus’ welchii, melitensis, <fec., we 
have Clostridium welchii. Brucella melitensis, Pasteur- 
ella, pestis and so on, names which differentiate and 
place each of the species in a definite group. Some of 
the old names, however, are deeply rooted, and still in 
use in some countries ; e.g. Bacillus tuberculosis or the 
tubercle bacillus for 31 y cobacterium tuberculosis. In 
this book only the modern names are printed in italics 
(e.g. pp. 18, 19). 

Higher and lower bacteria. It is useful to be aware 
of this customary division of the Schizomycetes. The 
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higher bacteria are distinguished by growth in long, 
simple, or branched filaments. Very few of them are 
pathogenic to man (only Actinomyces, p. lo6), but 
they include some interesting saprophytic organisms, 
such as the iron and sulphur bacteria, which utilize 
mineral substances in their metabolism and have 
certain features in common with the moulds (Hypho- 
mycetes, p. 199). The great majority of pathogenic 
species belong to the lower bacteria. On pages 18 and 
19 a list will be found which includes all the most im- 
portant species with which we shall have to deal ; a few 
others are mentioned at the end of Chapter XIII. 



CHAPTER II 

THE FORM AND STRUCTURE OF BACTERIA 

Methods of observation. Bacteria may be examined 
with the microscope either aUve, in a film of fluid 
between slide and coverslip (wet films), or dead and 
dried on a slide, after staining with various dyes (dry 
films). Of the two the wet film gives the more accurate 
picture of the natural form of the cell. 

The staining of dried films. The most commonly used 
simple stains are 1 per cent, watery solutions of 
methylene blue, carbol-fuchsin, methyl violet, and 
carbol thionin blue. The dried film on the slide is fixed 
by passing it three times quickly tlirough a Bunsen- 
flame, and is then treated for half to one minute with 
the stain. It is then washed, dried, and examined with 
the immersion lens; the immersion oil being put 
directly on the uncovered film. Most species of 
bacteria take up these dyes readily, but some, like 
Mycobacterium tuberculosis ^ need specially intensive 
treatment (p. 17). The compound stains of Giemsa or 
Leishman are excellent for films containing blood- or 
tissue- cells as well as bacteria, and they have the addi- 
tional advantage of showing up spirochaetes and the 
malaria parasite, which are difficult or impossible to 
demonstrate with simple dyes. 

Oram's double differential stain is based on differ- 
ences in the physico-chemical structure of different 
species of bacteria. If a film is stained with methyl or 
gentian violet and then treated with a weak iodine 
solution, in some species the iodized dye combines so 
firmly with the cell-membrane that treatment with 
acetone or alcohol fails to dissolve it out; while in 
others it is easily removed. The former are called 
‘Gram-positive’, the latter ‘Gram-negative’. 
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The film, is treated after decolorization with a 
‘ counter-stain ’ of dilute carbol-fuchsin or neutral red 
to colour the Gram -negative organisms red. Grara- 
positive bacteria appear deep violet or even black. 

There is considerable variation in the tenacity with 
which the Gram -positive species retain the dye, and 
it is easy to be led astray by over- application of the 
solvent. Even with perfectly correct treatment certain 
feebly Gram-positive bacteria are reduced to a pale 
mauve. 

Since Gram’s stain is one of our most fundamental 
differential tests, lists of the main positive and negative 
species are given in Tables I and II. 

The appearance of stained bacteria. In most species 
the cell stains more or less uniformly; but in some 
species (e.g. Corynehacterium diphtheriae) it tends to 
show alternate bands of light and dark, which indi- 
•cates an uneven distribution of the chromatophilic 
((colour-loving) substance. Certain other species show’ 

‘ bipolar staining ’, i.c. a deeper tint at the ends than in 
the middle. This is especially common in Pfeifferella 
7nuUei and Pasteurella pestis. 

In any mass of bacteria some are always dead or 
dying, and their staining reactions are correspondingly 
altered. In Gram-positive films many Gram-negative 
elements may be seen. With methylene blue in dried 
films, dead cells and their remains take a pale purple 
tint, whereas healthy bacteria stain blue or greenish- 
blue. 

Acid-fast bacteria. Certain species have the peculiar 
property of taking up hot carbol-fuchsin and holding 
it so firmly that they resist subsequent decolorization 
with strong mineral acids (Ziehl-Neelsen’s method). 
This property seems to be due to a waxy alcohol in the 
cell-membrane. By far the most important acid-fast 
organisms are Mycobacterium tuberculosis and Myco. 

o 
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leprae. No other human pathogenetic bacteria are 
acid-fast, but the saprophytic Mycobacteria (Myco. 
sinegmatiSy phlei, &c.) have this character, and also 
one or two animal-infecting species of Actinomyces. 

Table I 

The chief Grayn-positive bacteria 


Genus 

Actinomyces 

Mycobacterium . 
Corynebacteriu 

Streptococcus 

Staphylococcus 


I Species 
I Actino. bovis 


Myco. tubercu- 
losis 

Myco. leprae 
C. diptiiherUie 

C. hofmannli, 

C. x^osis, d c. 
Str. pneumoniae 


Sir. pyogenes 


I Str. riridans 
] Staph, aureus, 
i albus, d'c. 


Colloquial 
or old names 

Stroptothrix 
actinoinycos ; 
Jtay*fimgii8 
Tub(‘rcle 
bacillus 

Leprosy bacillus 
Diphtheria 
bacillus 
Diplitheroid 
bacilli 

Pneuinococcus 


Micrococcus 

Sarcina 


M. tetragenus ! 
Sarcina I idea i 


Bacillus . 
Clostridium 


hac. anthracis 
Bac. subtilis 
C. tetani 
Cl. botuliniim 

Cl. welchii 


j Anthrax bacillus | 
I Hay bacillus 
[ 'Petanus bacillus ! 
I Bacillus botu- j 
. linus I 

j Bac. aerogenes I 
j capsulatus | 


Disease 
caused in man 

Actinomycosis 


Tuberculosis 

Leprosy 

Diphtheria 

Non-pathogenic 

Lobar pneu- 
monia, i)erito- 
nitis, Ac. 

Suppuration, 
scarlet fever, 
septicaemia 

Endocarditis 

Suppuration, 
pyaemia, osU^o- 
myelitis 

Rarely suppura- 
tion 

Rarely suppura- 
tion 

Anthrax 

Non-pathogenic 

Tetanus 

Botulism 

Gas-gangrene 


Dark-gromid illumination ^ or "the ultramicroscope'. 
With ordinary direct illumination it is difficult or 
impossible to see very small or thin microbes, such as 
certain spirochaetes, Rickettsia, or the larger viruses. 
But the illumination can be so arranged, by means of a 
special sub-stage condenser, that the light only strikes 



THE FORM AND STRUCTURE OF BACTERIA 19 


Table II 


The. chief Qram~negative bacteria 


(iemts 


Species 


Colloquial 
or old names 


Diseme 
caused in man 


rfeifferella 

I'seudomoytas 

Vibrio 
Neisseria . 


Proteus 
liacteri urn 


Pasteurella 

flaemophiliis 


Jirucella 


SpirochaeJes 


Pf. mallei 


l*s. pyocynnea 

Vih. choJerae 
N . meninyitidis 


Bacillus mallei, 
or the glanders 
bacillus 
Bacillus pyo- 
cyancus 

romina bacillus 
Meningococcus 


N. gonorrhoeas 
N. catarrhalis 

Pr. vulgaris 

Bart, roll com- 
m line 


(Jonococens 
Microcf)ccuH 
catarrhalis 
Bac. protcus 
vulcaris 
Bacillus coli 


/{act. friedlduderi 


Snhn. lyphl 
Salm. para- \ 
typhi (A, }i, \ 

and C) I 

Salm. enteri- \ 
tidis (Gaert- / 
ner) I 

Sahn. typhi- I 
murium ) 

Bart, dysenleriae 
(Kfoup) 

Past, pestis 
II. influenzae 

JI. pertussis 

Br. melitensis 

Br. abortus 

All species 


Pncumobacillus i 
or bacillus nni- | 
cosus capsu- ; 
latus 

Typhoid bacillus ; 

Bacillus para* j 
typhosus, A’c. j 
(SalmofK'lla ! 
group) I 


The dysentery 
bacilli 

Bacillus pestis 
ITcilfcr’s : 

bacillus 

Bordet-Gengou I 
bacillus I 

Micrococcus i 
melitensis 
Bacillus abortus | 
of Bang I 


Glanders 


Suppuration 
(‘blue pus*) 
Gholera 
Cerebrospinal 
meningitis 
Gonorrhoea 
Nasopharyngeal 
catarrh 
Suppuration 

Occasionally 
8\ippuration, 
cystitis and 
pyelitis 
Occasionally 
pneumonia 
?Khinoscleronia 

Typhoid fever 

Paratyphoid 
fever, gastro* 
enteritis (food- 
poisoning) 


Bacillary 

dysent<*ry 

Plague 

(*atarrhal 

inflammation 

Whooping-cough 

Mediterranean 

fever 

Cndulant fever 

Syphilis, ictero- 
haemorrhagic 
jaundice, dc. 


the film (which must be a wet one) obliquely from the 
sides. Bacteria and other particles in the film scatter 
or ‘ diffract ’ the light and are seen as brilliant images 



20 THE FORM AND STRUCTURE OF BACTERIA 

on a dark background. In addition to a special con- 
denser, a more concentrated light is essential. A ‘ stop ’ 
or an iris diaphragm is needed for fitting into the 
ordinary immersion lens, and some immersion-oil must 
be put between the slide and the condenser. Alter- 
natively, the high-power dry lens may be used with a 
strong eyepiece, (see also p. 207). 

Morphology 

Bacteria consist of a protoplasm surrounded by a 
thin, flexible membrane^ probably composed of pro- 
teins and lipoids. The writer has seen a living cell 
enter through a rent in the ballooned membrane of a. 
dead one, and swim about inside. Hypertonic fluids 
sometimes cause ‘plasmolysis’, or shrinking of the 
protoplasm away from the membrane. 

Intracellular structures. Organized nuclei compar- 
able with those of protozoal or metazoal cells are not 
found in bacteria. It is, however, an open question 
whether certain intracellular bodies which stain deeply 
with basic dyes may not represent a primitive nuclear 
apparatus. Bodies of similar size and shape have 
been demonstrated by photography with ultra-violet 
light, and there is some inconclusive evidence of their 
fission preparatory to the division of the cell. But it 
is significant that they do not take the haemotoxylin 
stains, which have so strong an affinity for nuclear 
chromatin, and there is no sure way of distinguishing 
them from the highly retractile and deep-staining 
mtracellular granules contained by many bacteria. 
These latter are variously termed (1) ‘ Metachromatic 
granules’, from the fact that their colour in stained 
preparations differs somewhat from the rest of the 
cell; (2) ‘Ernst-Babes granules’, after the two bac- 
teriologists who first described them; or (3) ‘Volutin 
granules’, which signifies no more than that the 
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obscure substance of which they are composed has 
been given that name. Though often mistaken for 
nuclei, these objects are not permanent structures but 
appear to be fluctuating food-reserves. The largest of 
them may give the chemical reactions of lipoids or 
starches. Finally, degenerate or dead cells often show 
deep-staining granules due to the break-up of the 
protoplasm. These, when liberated from swollen, 
dying cells through a burst membrane, are liable to 
be mistaken for special reproductive bodies, or gonidia ; 
but they do not germinate wFen planted on fresh 
medium. 


Flagella and Motility 

Many of the rod-shaped l)acteria have one, two, or 
more exceedingly delicate vibratile appendages known 
as dlagella’, commonly at one or both poles of the 
cell. The undulation of the ilagella makes currents 
in tlie surrounding fluid, whereby nourishment is 
brought to the cell, and its waste products removed. 
When the cell is floating in liquid, the flagellar vibra- 
tions drive it along with a rotary movement. Such 
species are called ‘motile’. The various arrangements 
of flagella with their descriptive terms are given in 
Fig. 2. These organs are invisible with the ordinary 
microscope, and can only occasionally be seen by dark- 
ground illumination. Special staining methods are 
needed to demonstrate flagella in dried films. Good 
preparations are liard to make, and the appearances 
may be very deceptive. The number of flagella pos- 
sessed by the various species is by no means certain in 
all cases. Even up to 1930 Salmonella typhi, one of 
the best-investigated species, w as universally believed 
to be peritrichate, and this is still the orthodox view, 
but recent w’ork indicates that it really has only 
one flagellum on each side (Fig. 14, p. 79). Further 
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research on this and other supposedly peritrichate 
species is desirable. 

Observation of motility, A wet unstained film of a 
fluid culture not more than 24 hours old is examined 
with the high-power dry lens. True motility consists 



Flo. 2. Flagella 

a. Monotrichatf, b. Aiuphltrichate. oaiuld. Loi)hotricbat('. 
e. IVritiichate. f. Non-niotlle (atiichatr). 


in a definite progression of cells in various directions 
relative to neighbouring cells or other objects. It 
must be distinguished from Broimian movement y in 
which the cells merely jerk about under the influence 
of molecular bombardment without much change of 
position ; and also from streammg with a current, which 
betrays itself by the parallel movement of many cells 
in one direction. Young cultures on sohd media can 
also be used for the detection of motility, but the 
results are less reliable. 
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Variation of flagella. In most motile cultures there 
are many non-motile individuals. Moreover, certain 
species produce variant races without flagella. In the 
genus Proteus the motile variant spreads in a thin film 
all over the surface of solid culture-media, whereas the 
non-motile variant forms ordinary colonies. The 
motile variant is called the H form, from the German 
‘Hauch’ (film), while the non-motile type is called 0 
(‘ Ohne Haiich ’ ; without film). The variation is nearly 
always transitory, the race soon reverting to its nor- 
mal state, but permanent variations (mutations) of 
this type are known to occur in other motile species 
{SaImo7ieIla iijphi and tgplnrmirium). In spite of the 
absence of film-formation in these latter species, the 
terms H and 0 are applied to the motile and the non- 
motile variants rospecfively (see also p. 81). 

Table III 


The chief motile bacteria 


(ret) us 


Species 


Vibrio 

f\sru<lo}))ouas 
Proteus . 
JJacteriufu 


Had this 

Clostridium 

Spirochactes 


I All sperics including Vib. cholerae 

All sj)Ocies including Ps. pyocuanea 
I All Hpocics inclu<iing Pr. ludyaris 
I Many .species including Salm. tijphi; jmra- 
typhi {A^ Jiy C); enter it idis {Gaertner): 
fyphimuriutn ; Hart, coli (sumo varieties 
non-motilo) 

Several iioii-pathogenic species including 
Bac. subtilis 

Several species including Cl. tetani and Cl. 
botrdiyium 
j All species 


Significance of flagella. It is curious that the flagel- 
late bacteria seem to be no more successful in the 
struggle for existence than the unflagellate. Motility 
certainly has no connexion with the invasion of tissues, 



24 THE FORM AND STRUCTURE OF BACTERIA 

which, as we have seen (p. 6), is a passive phenome- 
non, nor with pathogenicity in general. Seeing that 
most soil- and water-saprophytes have flagella, we 
may surmise that these organs are more useful in 
the outer world, w here nourishment must usually be 
scanty and dilute, than in the body, where it is pro- 
fuse and concentrated. 

Capsules. In a few' species of bacteria the cell is 
surrounded by an ectoplasmic env^elope (Figs, & 13). 
In ordinary stained films it appears as an unstained 
halo, but it can be coloured by special staining methods 
such as Muir’s capsule stain (Muir and Ritchie, Maniuil 
of Bad., lOth ed., p. 123). Sfrepfococcus pueumoniae 
(pneumococcus) and Baderiiini friedidnderi form cap- 
sules both in the tissues and in cultures ; Clostridium, 
welchii and B. anthracis form them regularly in the 
tissues only. Sir. pyogenes and some other species 
may or may not show them in the tissues. In certain 
cultural conditions a normally capsulated species may 
produce a temporarily iinencapsulated grow th or even 
give rise to permanently unencapsulatod variants. 

Capsule-formation in general seems to be a defensive 
mechanism of the bacteria against the bactericidal 
action of phagocytes and antibodies. The capsular 
material is a mucilaginous secretion of varying firm- 
ness rather than a permanent structure. In numerous 
species it is know n to be rich in polysaccharides, which 
play a very important part in the stimulation of the 
tissues to specific antibody formation (p. 238). 

Spore -formation. Bacteria of the genera Bacillus 
and Clostridium have the power of passing into a 
highly resistant resting phase by the production of 
thick- walled spores (or endospores), rich in lipoids and 
poor in water. Since a single cell produces only a single 
spore, the process is evidently not reproductive. 

Sporulation generally occurs when nourishment has 
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been profuse but is becoming either exhausted or inac- 
cessible owing to desiccation. As soon as the spores 
find themselves again in warm, moist, and nourishing 
surroundings they germinate into fresh vegetative 
cells, leaving their empty membranes behind. 



The formation of a spore (Fig. 3) begins wdth the 
appearance of a granule or of a collection of granules of 
deeply staining matter at some point in the interior of 
the cell. This enlarges into a deeply staining mass sur- 
rounded by a clear halo. Finally, as soop as the halo 
has materialized into an impermeable spore-mem- 
brane, the spore itself refuses to take up the stain at 
all. In wet unstained films the spores show up as 
highly refractilo spheroids, either lying free or still 
contained in the cell (sporangium). 
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For colouring sporefi special methods are needed, of 
which one of the simplcvst is to stain for 5 minutes with 
carbol-fuchsin, decolorize with ^ per cent, sulphuric acid, 
or with alcohol, and counterstain with methylene blue. 

The site of the spore differs in different species. The 
expressions ‘ terminal ‘ subterminal and ‘ equatorial ’ 
(Fig. 3) explain themselves. Those species in which 
the spore is wide enough to cause a bulge in the con- 
taining cell are called Clostridia : those in which no 
bulge is seen are termed Bacilli. 

Spores have no special pathogenic function. The 
great majority of spore- bearing species arc, in fact, 
saprophytes, and it is clear that the survival-value of 
the spore lies in its tolerance of light, heat and desic- 
cation in the outer world. Variation of the spore- 
forming fiiculty has been observed in several sp(H*ies. 
Completely asporogenous varieties of Bacillus an th ra- 
ds have been obtained by growth at 42'" C. and by 
other procedures. 

Chemical composition. Like all living (‘ells bacteria 
contain proteins, nucleo-proteins, lipoids, carbo- 
hydrates and mineral ash, which may contain any- 
thing from 10 per cent, to 70 per cent, of phosphoric 
acid. The relative ([uantities of the components of the 
cell vary considerably with the composition of the 
culture-medium. The capsular substance of the pneu- 
mococcus and numerous other species is, as we have 
already seen, rich in polysaccharides. 

There is increasing evidence that the membrane is 
composed of a mosiac of different chemical groups to 
which the specific actions and reactions of the bacteria 
are largely due. 

Considerable knowledge of the enzyme-actions of 
bacteria, chiefly nonpathogenic, has accumulated and 
can be studied in special treatises on bacteriological 
chemistry. 
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Antigenic Structure 

By virtue of the protein or protein- carbohydrate 
constituents (antige as) of the^incmbraue or 
parts of the cell, bacteria or their products when in- 
jected into animals cause the production of specific 
antibodies. These can be detected and measured in 
various ways, e.g. by the aggluiinalion (clumping) of 
the bacteria in suspension or by the precipitation of 
bacterial extracts. 

The agghifination reaction. Tf the blood-serum of an 
animal which has received a suitable course of injec- 
tions of living or dead bacteria is mixed with a suspen- 
sion of the same species of microbe, the cells clump 
together into visible aggregates. This can be demon- 
strated either by suspending some bacteria from a 
solid medium in a loo[)ful of serum on a slide, or by 
mixing tlie serum with a broth-culture or saline sus- 
pension (live or killed) in a tub(‘. A quantitative 
measurement of the ‘ agglutinating power ’ of a serum 
is ma de by test ing diluf ion s of the serum 

with a constant volume of snspensi ^]!^ ami poting th e 
highest ddiilTon in wFircIfTIie serum re acts . This is 
c Ailed its ^tiffe''! The ag^^Ritlmn*^ 
antibody) produced in response to a given bacterium 
is generally complex, for the antigenic structure of 
bacteria is seldom, if ever, simple. As a rule the major 
part of the antibody is specific ^ that is, capable of re- 
acting only with the one species of microbe ; but a 
minor fraction often shows altinity for related species 
of the same genus, thus giving evidence of the exis- 
Jtence of common or 'group’ antigens. The degree to 
' which specihe and group antibodies are produced 
varies with different species and also in some cases with 
different phases or states of a single species (p. 82). 
Generally speaking, a given bacterium reacts more 
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rapidly and completely with its own (homologous) 
antiserum than with other (heterologous) antiserums, 
however closely related. 

In the motile bacteria the position is complicated by 
the fact that the flagella contain antigens additional 
to, and distinct from those of the cell- body (somatic 
antigens). The flagellar antigens, owing to their 
association with motility, are called H antigens (p. 23), 
while the somatic antigens, being the only ones 
present in non-motile variants, or in motile ones whose 
flagella have been destroyed by heat (100'^ C.) or 
alcohol, are called O antigens. The agglutinins elicited 
by these different antigens are similarly termed H or 
O agglutinins. An antiserum against a normal motile 
culture will contain both flagellar (H) and somatic (0) 
agglutinins, and the agglutination it causes will be 
a mixture of floccular, flagellar agglutination and 
granular, somatic clumping. Serums made with sus- 
pensions devoid of flagellar (H) antigens will cause only 
O type granular clumping, even in flagellated sus- 
pensions. 

The agglutination reaction is extensively used in the 
identification of bacteria grown from pathological 
material. Diagnostic laboratories keep ready a range 
of specific agglutinating serums for this purpose. 
Moreover, since infection gives rise to specific anti- 
bodies, a patient’s serum will, in certain diseases, 
agglutinate suspensions of the infecting microbe, and 
no other. The most famous test of this type is the 
Widal reaction for typhoid fever (p. 87), and similar 
tests are now employed in the diagnosis of the para- 
typhoid fevers, gastro-enteritis, Mediterranean and 
undulant fevers, cholera, and bacillary dysentery. 

An extension of the agglutination reaction, known 
as the absorption test, is useful for distinguishing two 
species which, owing to a partial community of anti- 
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gens, cannot be separated with certainty by the simple 
agglutination test. The j)rinciple of the test is as 
follows: if a serum containing, let us say, antibodies 
A and B is mixed with a sufficient mass of bacteria 
containing antigen a, but no 6, the bacteria will com- 
bine with antibody A, leaving B free, so that if the 
mixture is now ccntrifiigahzed to remove the bacteria 
with the combined antibody, the supernatant fluid 
will be found to contain antibody B alone; that is, it 
will only agglutinate bacteria possessing antigen b. 
To take an example, Salmonella paratyphi B and 
Halm, tyj^himuriimihaye common antigens (H and 0) 
in addition to tlie specific factor (H) of each. Their 
respective antiserums therefore contain both common 
and distinctive agglutinins. If each serum is ‘absorbed’ 
with each bacterium separately, the following results 
will be obtained (Table IV): 

Table IV 

! Tested on H suspensions 
j jjf: 

i j typhi- 

'Treatment of sent tu | para. B ' murium 

S»'ruin puratyphi B unabsorbcU . . I f 

,, ,, absd. with B. para. B. . .1 0 

,, ,, al)S(l. with B. typhimuntnn . { 

Srruiii typhiimirhim unabworbod . ; 

,, ,, absd. with para. B. . i (t 

,, ,, absd. with B. typhimurium j 0 

yote. i AKKhitinatioii ; () No a{?{iChitination. 

Each species removes all the agglutinins from its 
homologous (same type) serum, but only the common 
agglutinin, from the heterologous (different type) 
serum. If, therefore, w^e wish to identify a bacterium 
of this group, which we have found to be agglutinable 
by both the serums, we saturate them both wdth it 
and test the reactions of the absorbed serums in 
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the manner shown. By this means we can determine 
the species with which our bacterium corresponds in 
absorbing power. 

The precipitation reaction is fundamentally like 
agglutination, but differs in that the phenomenon 
observed is the clouding and subsequent precipitation 
of mixed colloidal solutions of antigen and antibody 
(p. 241). The bidk of the precipitate is serum-globulin, 
and it is therefore best to work with a constant volume 
of serum and progressive dilutions of antigen instead 
of the converse arrangement which is usual in the 
agglutination test. Antigenic, analysis can be carried 
a stage further by this reaction, using antigenic frac- 
tions chemically extracted from bacteria and pre- 
cipitating antiserums prepared by injecting rabbits 
with the fractions. 

When many races of any genus are analysed by 
agglutination and precipitation they lend to show the 
following general arrangement of their numerous 
antigens: onb or more antigens common to the whole 
genus ; one or more to larger or smaller groups (sub- 
genera) ; one or more to individual species, and one to 
each serological type or variety within the species. 
These various antigens arc accordingly called com- 
mon, group -specific, species-specific, or type-specific. 

The broader .serological groupings nearly always 
tally with the grouping by some cultural or biochemi- 
cal character, whereas the serological types are only 
distinguishable by serological means. 

Dimensions. Variation. Involution 

The length of most bacteria lies between 1 and 10 /x 
and their width between 0-2 and 1 p (N.B. I p = 0 001 
mm. ; cf. p. 209). Most cocci are about 1 /x in dia- 
meter. Although each species of bacteria has a specific 
average form and size, the individual cells may vary 
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greatly in length. Thus long filaments, apparently due 
to fission lagging behind growth, are not uncommon 
in the rod-shaped species. 



Fig. 4. Involution forms and abnormal growth 

A. Four stages iu the iIev(4opinent of a coeeoid involutiou- 
lorni of Vih. cholerae into a larger irregular and branching 
form. The second coccoid underwent autolysia (direct con- 
tinuous observation on an agar surface^ 

lb- Filamentous and ballooned cedis of old stock culture of 
VHb. cholerae. Uj. Sterile small ‘coccoids’ in same culture. 

('i. Abnormal race of Jiact. roll, growing in ballooned and 
diatorte'd forms. i.\. Grotesque lobat<“r-likc branched form in 
same culture. 

1). Three stagt's in tlic production of normal rods from a 
branched or Y-lbnu of a bact<'rium (direct continuous 
observation). 

In the early stages of growth in fresh culture- 
medium the cells are generally larger than in mature 
cultures when overcrowding has put a stop to multi- 
plication. In old, exhausted cultures one may often 
see swollen, elongated, bulbous or branched cells. 



32 THE FORM AND STRUCTURE OF BACTERIA 

which are termed ‘involution forms’ and indicate a 
disturbance of growth due to starvation or toxic agents 
(Fig. 4). When planted on fresh medium many of 
these cells show no sign of life, but others will grow and 
multiply, giving birth either to a normal race or more 
rarely to a race of permanently altered shape. In the 
latter case we seem to be dealing with a mutation by 
the loss of a genetic factor governing normality of 
form. Bacteria that produce numerous involution- 
forms in comparatively young cultures are sometimes 
termed pleomorphic. 



CHAPTER HI 

THE CULTIVATION OF BACTERIA 
Objects and Methods 

For proper examination bacteria must be obtained 
in jyure culture. If microscopic examination of the 
material shows only one kind of microbe the intro- 
duction of a fragment or droplet into a tube of sterile 
nutrient liquid, such as meat-broth, will generally 
suffice ; but even here a few' bacteria of another kind 
may have escaped notice, in which case a mixed cul- 
ture will result. 

The classical method of isolating each species from 
a mixture is known as 'plating out. A droplet of the 
material (e.g. pus, blood, mixed culture, &c.) is spread 
on the surface of a stiff nutrient jelly (agar or gelatin, 
p. 40) in a flat, covered Petri-dish (Fig. 5). In the 
course of 18 to 24 hours in the incubator a crop of 
colonies w ill appear, each deprived from a single cell or 
group of cells; and it is generally possible to judge 
from their appearance whether one, two, or more 
species of bacteria are present. After clinching the 
matter by microscopical examination, a pure culture 
of each type is made in a separate culture-tube. This 
is done by touching the colony w ith t he tip of a sterile 
j)latinum needle (Fig. 5) and then dipping the needle 
into a tube of liquid culture-medium, or streaking it 
over the surface of a solid medium. Having thus ob- 
tained pure cultures of our microbes w e can proceed 
to examine their cultural characters by subcultivatimj 
them in a number of different media and observing 
the quality and quantity of growth under various con- 
ditions of temperature, oxygen pressure, and so on. 
In some cases we next determine the fermenting powers 


D 
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of the organism on a number of carbohydrates (p. 40), 
and HnalJy we prepare susf)ensions for serological 
examination (p. 27) and virulence tests (p. 47), either 
by washing off the growth from solid media with saline 



Fro. 5. Indispensablo bacteriological tools and 
a]>paratii8 

a. Platinum or niohromp needlu and loop. b. Culturt* tube of 
fluid medium or of solid medium for stabs, c. Agar or 
gelatin slope-tube. d. Petri-dishes. e. Krlenmeyer flask, 
f. Zinc rack for serological tests, g. Agglutination-tubes for 
serological tests, h. Dwarf test-tube for making dilutions. 

solution, or merely by growing the organism in a fluid 
medium. 

Bacteriological technique — sterility. An object or 
material is said to be sterile if it is entirely free from 
living organisms. But since microbes are ubiquitous, 
nothing may be assumed to be sterile unless it has just 
been sterilized. And even then the slightest touch of 
an unsterile object, or a few seconds exposure to the 
air, may contaminate it. 
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Methods of sterilization in general will be considered 
in Chapter XVI. Bacteriological tools (platinum - 
needles and loops, Fig. 5 ) are heated to redness in 
a naked flame immediately before use. Before opening 
a culture-tube that has stood exposed to the air for 
any length of time the wool plug should be set on fire 
for a moment to destroy any bacteria that may have 
settled on it ; otherwise in opening the tube they may 
he dislodged and contaminate the medium. The skin 
of the hands, even after washing, is bacteriologically 
unclean, and it is therefore best to use flamed forceps 
wherever possible instead of fingers. Bacteriological 
procedures need still air: draughts, especially in towms, 
bring dust and spores. 

The invaluable function of cotton-wool as a porous 
barrier against contamination depends on the fact, 
which was demonstrated by Pa.steur, that bacteria do 
not travel along a narrow channel of stationary air, 
but sink and adhere to its walls. Since air passes 
through the tortuous passages of a wool plug by dif- 
fusion, without appreciable currents, all bacteria are 
arrested in the outer layers. Plugs must, however, be 
kept dry, since mould-spores are capable of germi- 
nating in damp wool and pushing their mycelial 
threads right through into the tube. 

Nutrition and Conditions of Growth 

Like other living things, bacteria need water, car- 
bon, oxygen, and nitrogen ; also traces of sulphur, phos- 
f>horus, and other inorganic elements. 

Many soil-saprophytes can obtain C and N from inor- 
ganic sources ; C from CO2 or CH4 ; N from NH 3 salts or, 
in some cases, from air. Not being dependent on organic 
matter from other living things, they are termed auto- 
trophic. 

Pathogenic bacteria need organic compounds, They 
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obtain nitrogen most easily from peptones and amino- 
acids ; ibw of them can digest unaltered proteins. Car- 
bon is acquired by the fermentation of carbohydrates 
and organic salts. Energy is obtained, as in larger 
creatures, by the oxidation of carbon; in other words 
bacteria show a respiratory exchange of oxygen and 
COg. Some pathogenic sj)ecies have been proved un- 
able to synthesize all their ne(‘essary enzymes and 
catalysts from simple nitrogenous compounds. Staphy- 
lococcus aureus, for example, needs nicotinic acid as a 
kind of vitamin, and the Haemophilus group need 
haematin. It is likely that all pathogens have some 
such requirements. 

Aerobiosis and anaerohiosis. According to their 
method of obtaining oxygen, bacteria are divided into 
aerobes, which thrive in air, and anaerobes, which can 
only multiply in the absence of gaseous oxygen. The 
latter obtain their oxygen by the fermentation of 
organic substances. Home aerobic species are strictly 
aerobic, but many can live anaerobically if forced to 
do so, and are therefore termed facultative anaerobes. 
Among the bacteria that will not grow in air some are 
strictly anaerobic, i.e. intolerant of the least trace of 
O2; and others are merely mirro-aerophilic, i.e. grow^ 
best in reduced oxygen-pressures. 

We have recently learned, however, that an even 
more fundamental condition for anaerobiosis than the 
presence or absence of O.^ is the reducing-power of the 
medium as a wiiole. This can be measured electro- 
metrically and is more correctly termed the Oxidation- 
reduction potential or Eh of the system . If this potential 
is low enough anaerobes w ill germinate and multiply 
even if Og is present in the atmosphere. 

Anaerobic cultivation. A low enough potential is, 
for example, present in deep tubes of meat-mince 
cooked in a little water ; though in most media it can 
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only be produced by strict exclusion of oxygen. This 
may be done by enclosing the culture in an airtight 
vessel with a mixture of pyrogallic acid and KOH to 
absorb the oxygen. But more perfect anaerobiosis is 
obtainable with a special anaerobic jar, e.g. that of 
Fildes and Macintosh, in which the air is exhausted with 
a pump and replaced with hydrogen, the last traces 
of (>2 being ‘burned’ away by an electrically heated 
element of platinized asbestos. It is alwa 3 's best to 
use freshly heated, and therefore airless, media. Deep 
tubes of agar or glucose-agar, autoclaved just before 
use and cooled to 50° C., are used for making ‘shake- 
(‘iiltures’, the material for cultivation being planted 
deep into the medium and then dispersed b}' rolling 
the tube between the hands. Even if traces of Og 
remain in the atmosphere growth will probably occur 
in the depth of the tube. 

The most important anaerobes are Closfridi am tetaniy 
Cl. welchiiy CL botuUnumy and other species of that 
genus, which are classed together as the spore-hearing 
anaerobes ; also Actinornifces bovis. Most spirochaetes, 
e.g. Treponema pallidum are miero-aerophilic. 

Moisture is necessary for growth . Dt'siccation causes 
a high death-rate of vegetative cells, though a propor- 
tion of them may survive indeiinitel^ . Cultures are 
nowada\^s often preserved by desiccation in vacuo 
over phosphorus pent oxide. Spores are especiall}^ re- 
sistant to drying. 

Temperature. Pathogenic; microbes grow best at 
about the temperature of the body, 37° C., but the 
majority will multiply at anything between 20° and 
43° C. The best temperature for most saprophytic 
bacteria is about 20° C. Most bacteria survive coldy 
even down to —250° C., and a number of saprophytes, 
with Pseudomonas pyocyaneay will multiply at 0° C. 
8uch species are termed psychrophilic or cold-loving. 
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Heat is far more harmful. The growth -rate of nearly 
all species falls off rapidly above 40^ C. and ceases at 
43^-45° C. The only exception to this rule is a group 
of thermophilic saprophytes, which are found in milk, 
manure, and in the water of hot springs. Tliese multi- 
ply freely at 60 '^-70'^ C., which kills all ordinary bacteria. 
The sterilizing action of heat is considered on p. 255. 

Light. Direct sunlight is fatal in a few hours to 
the vegetative forms of bacteria ; though they can 
stand diffuse light for long periods. For rapid multi- 
plication, however, darkness is essential. It is the 
ultra-violet end of the sj)ectrum that does the most 
damage. 

Osmotic pressure. Bacteria are more tolerant than 
other unicellular organisms to changes of osmotic pres- 
sure. They may survive for a long time in pure water, 
though there is alw ays a steady death-rate from starva- 
tion. Survival is longest in weak solutions of mixed 
salts, such as Ringer’s fluid. At stronger concentra- 
tions salts at first inhibit growth and then destroy 
life. Generally speaking, the higher the atomic weight 
of an element, the more toxic are its salts. 

Hydrogen- mi concentration (pH). This can be directly 
measured by means of a special electrical potentio- 
meter with a hydrogen electrode, but in practice the 
colour-response of dyes such as phenol red, neutral 
red, and litmus to changes of reaction is used as a suffi- 
ciently accurate measure. 

Generally speaking, the best pH for the growth of 
bacteria is slightly on the alkaline side of neutral (7*0), 
i.e. between 7*4 and 7-6. Most species grow poorly at 
an acidity beyond 6-0 or at an alkalinity beyond 7*8. 
At about 5*0 and 9*0 respectively growth ceases and 
gradual death ensues. In cultures of many bacteria 
acids are produced from the carbohydrates, and am- 
monia from the protein derivatives in the medium. If 
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fermentable carbohydrate is added in sufficient quan- 
tity the acid outstrips the alkali, and the acidity may 
rise high enough to sterilize the culture. 

Liquid Culture -media 

Nutrient broth consists of infusion of beef, veal, or 
horse-flesh, enriched w ith peptone and sodium chloride. 
The pH, which is always on the acid side, is titrated 
v ith NaOH solution and an indicator such as phenol- 
red, and then adjusted to 7-G or any other desired value 
by the addition of the calculated quantity of NaOH. 
The broth is distributed in wool-plugged test-tubes or 
Erlenmeycr flasks (Fig. 5), and sterilized in the auto- 
clave (p. 25()). 

For the cultivation of ordinary robust bacteria, 
meat-extracts such as Lemco may be substituted for 
the infusion. 

The character of bacteria! growth in broth varies 
according to the species of the bacterium, and may 
t ake any of the following forms : uniform turbidity ; 
fioccular or punctate growth falling to the bottom of 
the tube ; or pellicle-formation, i.e. a thick film on the 
surface. 

Trypsinization and enrichment. The addition of 
trypsin to broth assists the growth of delicate organ- 
isms such as the meningococcus by breaking dowui 
albumoses and peptones into amino-acids. Similarhs 
the addition of a little blood, serum, or ascitic fluid 
greatly assists the development of many organisms. 

Peptone-xmter . A 1 to 2 per cent, solution of peptone 
in 0*5 per cent. NaCl solution is used as a sugar-free 
basis to which various carbohydrates may be added 
for testing the fermenting-pow’ers of bacteria. It is 
also used, without any addition, for the detection of 
indole-production, which is an important criterion for 
the identification of species. 
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The test for indok is carried out by incubatin^^ a 
peptone- water culture of the bacterium for three days ; 
pouring a few' c.cm. of ether into the tube; agitating 
to mix thoroughly, an<l then running a few' drops of 
Elxrlich’s reagent (paradiinethylaminolKUizaldehych*) 
gently on to the layer of ether w'hich rises to the top of 
the tube. A purplish red ring indicates the presence 
of indole. 

Ff.rynentat ion -reaction.^. Carbohydrates or alcohols 
such as glucose, lactose, mannitol, .saccharose, maltose, 
dulcitol, or xylose are ac^dt'd to j)eptoti('- water to make 
a 1 per cent, solution : a dye such as })henol-red being 
added to indicate acid-prodm tion. At the f>ottorn of 
each tube of medium is put a miniature irn erted tuU* 
to demonstrate the })roduction of gas. If fermentation 
takes places at all the changes of reaction is usually 
visible after a night’s incubation : but a delay of any- 
thing from on(^ to three weeks is not uncommon in 
certain species (pp. 80 and 98), 

Milk, with litmus or ])hcnol>rcd as indicator, serves 
to distinguish bacteria that cause acidillcation and 
coagulation from those that do not. It must be fresh 
and of good quality ; but even so its composition is 
variable, and the effects of a bacterium on different 
samples is not perfectly constant. Many bacteria pro- 
duce both acid from the carbohydrates and alkali 
from the protein-constituents, and the pH, which may 
change from acid to alkaline during the grow th of the 
culture, is the resultant of the two proces.ses. 

Solid Culture -media 

Nutrient agar. The basis of this medium is a gela- 
tinous substance, agar-agar, extracted from Oriental 
seaweeds. It is added to nutrient broth in sufficient 
quantity (H i>er cent.) to make a stiff jelly. The agar 
itself is not nutrient, but merely serves as a stiffening 
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for the broth. The properties that make it so useful 
in bacteriological work are its high melting-point 
(95° C.) and a low solidification-point on cooHng (about 
42° C.). It thus provides a solid medium for the cultiva- 
tion of bacteria at 37° C. or over, which is above the 
melting-point of gelatin (see below). For use, the 
melted medium is poured into test-tubes, which, after 
sterilization in the autoclave, are either proy)ped on 
the slant so that the agar sets with a long flat sur- 
face {shpps), or upright, to ol)tain a deep column of 
medium for stab-cultures (.see Gelatin, below). For 
plating out mixtures some melted sterile agar is poured 
into sterile Petri-dishes to form a layer about a quarter 
of an inch deep. 

Enriched agar. For the growth of certain baeteria an 
cnrichyne.nt of the agar in one or other of the following 
ways is necessary. Serum eigeir: 5 to 10 per cent, of 
sterile serum is added to melted nutrient agar, after 
cooling to 50 ^ C. Ascitic- fluid agar is made in the same 
way. Blood-agar can be prepared either by adding one 
or two drops of sterile blood to each c.cm. of melted 
agar (cooled to 50 C.), or by smearing a little blood on 
the surface of agar slopes. For Haemophilus influenzae 
and some other organisms blood-agar may bo heated 
to 80” C. for a few minutes, or boiled for a few seconds, 
without destroying its .stimulating property. Other 
types of enrichment are useful in special cases, e.g. 
glucose, glycerin, potato- or pea-tlour extracts. 

Nutrient gelatin is made in the same way as nutrient 
agar ; but since gelatin melts at 25°-30° C. it cannot be 
used as a solid medium at temperatures much above 
20° C. Its chief use is for determining whether a bac- 
terium produces proteolytiQ„fcrments that liquefy the 
medium. This phenomenon is best seen in stab -cultures y 
i.e. cultures made by stabbing the platinum-needle, 
loaded with bacteria, down the centre of a tube of the 



4‘2 THE CULTIVATION OF BACTERIA 

medium. After a few days at 20‘^-25'^ C. a cup of 
liquefaction is seen, spreading down and out from the 
point of needle-puncture. 

The main pathogenic gelatin-liquefying bacteria are : 

Sfaphi/Iocorc ns Prate ns 

Vibrio cholerae BacillNs anthracis 

Pseudomonas pyoajanea Clostridi umtefani ,irelchii , d'C. 

Potato. Flat -faced wedges are cut from cleaned and 
peeled potatoes, soaked in a weak alkaline solution to 
correct their natural acidity, aiifl put into special 
large tubes. These are plugged with wool and sterilized 
in the autoclave. This medium is chiefly used for Myco- 
bacterium tubcrcul os is . 

Egg. The common type consists of the mixed whites 
and yolks shaken in a flask with some sterile 0*9 per 
cent. NaCl solution or broth, distributed into tubes 
and solidified on the slope in an open hot-air-oven 
(inspissator) at about 80 C. It is especially useful for 
M. tuberculosis and A", meningitidis. 

Solid, serum. Ox or other blood-serum heated to 
80^ C. in an inspissator makes an opacpie whitish solid 
medium especially suitable for the isolation of Coryne- 
hacterium diphtheriae from the throat. 

Growth and Multiplication 

Fission. Bacteria multiply by simple transverse 
fission. When the cell has rea(;hed the maximum size 
appropriate to the species a constriction appears at its 
centre, the membrane grows inwards and forms a sep-' 
turn which finally splits across, releasing the new twin 
cells. These may or may not immediately separate ; 
in some species they tend to adhere for a time in pairs 
(diplococci ; diplobacilli). Abnormal fission may occur 
in rod-shaped species when an old culture is revived 
with fresh nourishment. Some of the ‘involution-forms’ 
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(p. 31) grow into bizarre, sVt^ollen cells or long threads, 
which occasionally sprout in three directions, produc- 
ing Y-forms capable of generating new normal cells at 
each of their three growing-points (‘ Three j)oint multi 
plicationj). 

Colony formatiem. The colonies of the different 
genera of bacteria are generally fairly characteristic, 
but those of different species within a genus may be 
very much alike. The following characters should be 
observed : size ; colour ; opacity or translucence ; body 
of colony Hat, evenly domed, bossed, or depressed in 
the centre; consistency hard, soft, or sticky when 
touched with a needle ; surfac'o smooth and shiny or 
rough and dull ; edge sharp and evenly curved or wavy 
and irregular. 

Colony -variation. Stnooth and rough phases. Although 
the colonies of a giviui species are generally fairly 
uniform, a certain variability is to be expected, and in 
some cases the differences are so great as to give rise 
to a suspicion that the culture is im])ure. An interest - 
ing type of variation consists of the production of 
rough colonies with wavy edges in cultures which have 
previously shown only smooth, even colonies (Fig. 6). 
The phenomenon is best shown by the genus Bacterium 
{Bad. coliy Sabn. typhiy &c.), but it occurs in different 
degrees in most, if not all, genera. The change in the 
organism, to which the colony -variation is due, con- 
sists of the loss of a chemical constituent or 'antigen’. 
This is generally accompanied by a great diminution 
Bf virulence. The reduced, rough variant is very sensi- 
tive to the flocculating action of electrolytes, and there- 
fore grows in ordinary salty fluid media in the form of 
clumps and flakes which settle to the bottom of the 
tube. In some bacteria (e.g. Haemophilus and Brucella) 
the same Tundameutal antigenic reduction occurs, but 
without any obvious Toughening’. In these cases it is 
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detected by agglutination and absorption tests (p. 27) 
witb. anti-smooth and anti-rough serums. 

The rough variation occurs by far the most often in 
races of bacteria that have lived for some time under 
‘domestication’. The smooth antigen, on which viru- 
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lence depends in most species (p. 48), seem to be no 
longer necessary for growth in culture, and its loss may 
be interpreted as an adaptation to a saprophytic type 
of life in culture-media. The change does not generally 
occur all at once, but in steps, and is reversible in its 
early stages. It can also generally be induced by 
cultivating the smooth type in media containing specific 
antiserum — a curious fact, of which we do not know' 
the full significance. 

Many qther interesting forms of variation have been 
recorded, some of which are accompanied by striking 
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colony-differences: pigmentary changes, giving colour- 
less colonies in a pigmented species ; loss of motility 
or of the power of spore- or capsule-formation. All of 
these may be either temporary or permanent. A curious 
alternating variation of antigenic structure will be 
described in connexion with the Salmonella group 

(p. 81 ). 
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PATHOGENIC ACTION 

The principles of proof that a particular species of 
microbe is the cause of a given disease are embodied in 
a set of ‘ j)ostulates’ which we owe to the school of 
Robert Koch. 

Koch's postulates. (1) The microbe must be found 
in all cases of the disease, and its distribution in the 
body must (lorrespond witli that of the lesions. 

(2) It must be grown in successive pure cultures 
outside the body. 

(3) The cultures must be able to reproduce the 
disease in susceptible animals, and the microbe must 
be recoverable from the animal in pure culture. 

Hiese principles constitute an ideal standard which 
is not always attainable in practice. C’ertain microbes 
that are easy to demon.strate in lesions cannot be 
cultivated ; e.g. the malaria parasite and the Mijco- 
hacterium of leprosy. Others, like Treponema palUdum 
qf syphihs, are so difficult to grow and so readily lose 
their pathogenicity in culture that it is almost im- 
possible to satisfy the second and third postulates. 
Finally, there is the gonococcus, which, though easy 
to find and cultivate, is so finely adapted to the human 
body that no experimental animal can be found wdth 
which to satisfy the third postulate. 

Since, however, the full proof has been given in 
enough diseases to establish the ‘germ-theory’ as a 
whole on an unassailable basis, we are justified in other 
cases in accepting a less rigid standard, especially when 
it is backed up by circumstantial evidence such as the 
constant appearance of specific antibodies in the blood. 
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Pathogenicity. Virulence. Toxins 

The chief difference between pathogenic and non- 
pathogenic bacteria is that the former contain or 
secrete toxins, i.e. substances that damage the tissue- 
cells. From the biological point of view these sub- 
stances are of the greatest value to the microbe, since 
they enable it to survive and multiply in a territory 
closed to saprophytic bacteria. If saprophytes are in- 
introduced by accident or design into the blood or 
tissues they are quickly removed by the phagocytic 
leucocytes and endothelial cells, whose function is to 
ingest %nd digest foreign particles of all kinds. But 
when the phagocytes are faced with pathogenic bacteria 
their functions are in a greater or lesser degree inhibited 
by the action of the toxins, and the way is thus opened 
for a further invasion of the body. Owing to the 
different chemical structure of the cells of different 
animals, a given microbe is not equally pathogenic to 
all. Every parasite has its special range of ‘ hosts just 
as each species of animal has its particular set of 
parasites. Thus a microbe which is pathogenic to man 
and monkeys may be relatively or quite harmless to 
rabbits and rats, and so on. 

Virulence. This term is used to indicate the variable 
pathogenic power of different bacterial species or of 
different races of a single species. All pathogenic species ‘ 
must, by definition, be capable of virulence, but their 
degree of virulence is by no means a fixed quantity, 
and they may even produce completely avirulent 
variants (p. 44). Virulence is estimated by injecting 
graded quantities of a culture into susceptible animals 
and determining the least dose that will invariably 
cause a fatal infection (minimal lethal dose ; M.L.D.). 
Unfortunately both the animals; and the microbes 
have the inherent v ariability of all living things ; and, 
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moreover, the multiplication that may take place in 
the animal after injection tends to spoil the quantita- 
tive nature of the experiment. Consequently, to obtain 
accurate results, about 20 animals should be injected 
with each dose. This, however, is so expensive that in 
practice we have generally to be content with a much 
rougher estimate. 

Virulence depends on t he toxicity and the invgMj^ 
^oi ver of the microbe — two properties which are partly 
inSependent. 8ome microbes, like C. diphtheriae and 
Cl. tetani are very toxic, but iminvasive, while others, 
like Myc. leprae, are invasive but of very low toxicity. 

Invasive power. A better term might be ‘ tendency 
to dissemination', since, as we have seen (p. 6), in- 
vasion is not an active process but a passive distribu- 
tion of the bacteria by lymph or blood -currents and 
by wandering phagocytes. It largely depends on the 
ability of the microbe to resist growth-inhibition and 
destruction by antibodies and phagocytes (Ch. XV). 
In many instances this resistance has been shown to be 
due to the secretion of a protective surface layer — a 
visible or invisible capsule of gumm^^ toxic poly- 
saccharides (pp. 66, 162 &c). 

The extent of the invasion does not depend only on 
the invasive power of the microbe, but also on the 
natural or acquired resistance of the host (Chap. XV). 
If the natural defences of the body (p. 227) are in good 
order, and the microbe is of low virulence, the infection 
may remain localized. This is what happens, for 
example, in the trivial skin-pustules caused by 
coccus pyogenes alhus. On the other hand, when a 
virulent organism such as Streptococcus pyogenes is in- 
troduced into healthy tissues through some trivial 
abrasion, it may spread with catastrophic rapidity, and 
set up a fatal infection of the blood (septicaemia). If 
the microbe is of very high virulence even the increased 
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resistance following specific infection or inoculation 
may not suffice to prevent this calamity. 

l^oxins, as we have seen, are the constituents or 
excretions of the bacterial cell on which its poisonous 
property depends. If the toxin forms an integral part 
of the cell, liberated only on its death and disintegra- 
tion, we call it endotoxin. If, however, it is a diff us- 
able secretion or excretion of the living cell it is termed 
exotoxin. In most instances the distinction is clear 
enough, but sometimes it is not easy to decide which 
type of toxin we are dealing with (atypical toxins). 
iWighly speaking, if the filtrate of a fluid culture in- 
cubated for a few days is toxic to guinea-pigs or rabbits 
in very small doses it is considered to be an exotoxin ; 
but if such filtrates are comparatively harmless, and 
if the toxic substance can only be obtained by special 
manipulations, w e call it an endotoxin. The usual pro- 
cedures for obtaining endotoxins are (1) autodigestion 
(autolysis) of the cells, which takes place during pro- 
longed incubation in salt-solution ; (2) grinding and sub- 
sequent extraction of the pulv'crized cells w ith w ater or 

saline solution. a- 

Table V 

The best -known toxins 


Species 


Type of toxin 


f 'oryncbacteri n ni <t iph th er iae 
Clostridium ictaui 

,, botnlinum 
,, Welch a . 
Streptococcus pyogenes 
Staphylococcus aureus 
Bacterium dysenteriae (Shiga) 
Salmonella typhi 
Vibrio cholerac 
Neisseria meningitidis 
,, gonorrhoeae 


Exotoxiu 

♦ 

♦ 

mi 

; Intermediate 
Endotoxin 

I 

i 


* Atypical oxotoxiiis, with a high heat -resistance. 


E 
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Properties of toxins. All toxins are inactivated by 
heat, but of the two types the exotoxins are much the 
more sensitive, losing their toxicity in 30 to 120 minutes 
at 60° C. or less : whereas the endotoxins can generally 
stand an hour at 80° C. without loss of strength. 

Typical exotoxins, when injected into animals in 
subtoxic doses, readily give rise to powerful neutraliz- 
ing antibodies or antitoxins. On the contrary, the anti- 
body-producing power of endotoxins is generally very 
feeble. 

Measureynenf of the stremjth of toxins. We liave seen 
that in the estimation of the killing power of a cul- 
ture the inevitable variation of s(‘4isitiveness of the 
individual animals employed makes accurate results 
impossible with small numbers of animals. Tliis i.s 
equally true of toxin- measurements. For an exact 
estimation of a toxin it is necessary first to tind the 
approximate strength by injecting grailuated doses into 
one or two animals, and then to test a range of finely 
graded dilutions on either side of the estimated value 
by injecting each dilution subcutaneously or intraperi- 
toneaJly into some twenty animals. The dose that kills 
half of the animals (the next JargtT do.se killing a higher, 
the next smaller a lo\\'er proportion), may be taken as 
the minimal lethal dose (M.L.D.). This method, how- 
ever, being too expensive for common practice, is 
usually replaced by the method of infracutaneons in- 
jection of minute graded doses into guinea-pigs or 
rabbits. Six, eight, or more dilutions are injected into 
different skin-areas of one animal ; and the least quan- 
tity that produces a local inflammation, i.e. redness 
and swelling at the point of injection, is taken as the 
minimal toxic dose. 

A third methcKl, the flocculut ion-reaction , ^ives an 
indirect estim ate of the strcDgtE^^aJLaxilL esfimat- 
ing its precipitating jgower against an antitoxic serum 
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of kno wn potency (p. 132). The toxin is added in graded 
dilutions to a constant volume of the antitoxin, and 
a note is made of the dilution that gives the quickest 
precipitation or flocculation. This method, though very 
useful, is not quite accurate, since the combining power 
of a toxin does not run completely parallel with its 
toxicity. 

Toxoid. When stored for some time, exotoxins lose 
much of their toxicity ; hut, curiously enough, they 
retain both their power of combination with antitoxin 
(e.g. as shown by the flocculation test) and also their 
ability to cause antitoxinqiroduction in animals. A 
similar, but more complete, change can be effected either 
with moderate heat or by treatment with formalin. 
The r(‘sulting atoxic but antigenic substance (toxoid; 
formol- toxoid) has provt^I useful for the immunization 
of animals and human beings (pp. 13(), 170). 

Ilaernoh/si,'^. The toxins of the following bacteria 
have the property of di.ssolving erythrocytes: Strepto^ 
coccus pyoqcnes, Staphylococcus aureus^ Clostridium 
tctnni, (lost, welch ii\ and some of the pathogenic 
varieties of Bacterium coli. Since the excretions of 
certain nonpathogenic bacteria have the same property 
(e.g. Bac. megatherium, Vib. El Tor) haemolysis is not 
necessarily a sign of virulence. 

Tests for haemolysis. (1) Cultivation on a blood-agar 
surface. A translucent zone develops round the colonies. 
(2) Growth in broth for 18-24 hours : addition of some 
washed erythrocytes; incubation for an hour or so. 
The released haemoglobin diffuses through the fluid. 
Of the two tests the second is the more reliable. 

Leucocidal action. Most toxins injure or kill leuco- 
cytes — clearly a very important action. It is supposed 
to reside in special toxin-components, Leucocidins ; 
but since they have not been isolated, their separate 
existence is doubtful. 
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Variation of virulence. Bacteria generally undergo 
a loss of virulence during prolonged cultivation ; and 
this is accompanied by an antigenic reduction and the 
appearance of ‘rough* variants (p. 411). 

If a culture undergoing this change is analysed by 
testing tlie virulence of a number of subs^trains raised 
from single cells, it is often found that the loss is un- 
evenly distributed ; one substrain may be fully virulent, 
another almost harmless. By passing a culture in this 
mixed condition through a susceptible animal it is 
sometimes possible to restore it to full virulence, since 
only the pathogen ically ‘fit* substrains can resist the 
self-purifying action of the tissues. The modification of 
a racial character by natural selection is here occurring 
under our very eyes. 

The opposite effect, attemiaiion of virulence, can be 
obtained by treatment of the bacteria, with moderate 
heat or low concentrations of antiseptics, insufficient 
to kill, but enough to w^eaken the cell. It was with 
vaccines (p. 248) of Bacillus anthracis, attenuated by 
prolonged cultivation at 40 -43^ C. , that Pasteur carried 
out his pioneer experiments on the protective inocula- 
tion of sheep and oxen against anthrax (p. 248). 

The attenuation that occurs during prolonged culti- 
vation on unfavourable media has been used in France 
and elsewhere for the preparation of a living, avirulent, 
protective vaccine against tuberculosis — the famous 
B.C.G. (p. 153). 



CHAPTER V 


THE PYOGENIC COCCI: STAPHYLOCOCCUS, 
STREPTOCOCCUS, AND NEISSERIA 

STAPJIYLOCOCCUS ^ C40 

(Suppuration; furunculosis; osttomyeViiis, 

This genus consists of Gram-positive, non-sporing, 
unencapsulatecl, aerobic* cocci, growing in grape-like 



clusters (Table VI and Fig. 7). The constituent species 
are difficult to classify owing to their lack of sharply 
differential characters, but we may provisionally dis- 
tinguish between the pyogenic (pus-forming) Staph, 
pyogeneSy with its golden and white varieties, the 
colourless commensal of the skin, Staph, epidermidis 
albus, and a lemon-yellow saprophyte, Sta 2 )h. citreus. 



Table VI 
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Staphylococcus pyogenes 

(varieties: aureus: albus) 

This organism is generally met with in the pus and 
tissues in acute suppuration, but it may also be found 
on healthy cutaneous or mucous surfaces. 

Growth on agar rapidly produces a dense paint -like 
film, coloured deep or pale golden-yellow (aureus), or 
white (athus). The colonies are rather large, circular, 
and opaque. A zone of haemolysis may be seen around 
colonies on blood-agar. 

In fluid media it produces turbidity and deposit. It 
has strong powers of growth and survival, and it needs 
an hour of moist heaf at (iO ' C. for sterilization. It 
has been shown by agglutination and absorption tests 
to be antigenically distinct from Staph, epiderrnidis 
(dhus. 

The pigment is a lif)Ochroine soluble in alcohol, ether, 
&c. Not only does the tint differ in the different races 
but its intensity varies in the same race under different 
conditions. A culture, for example, may appear white 
after 24 hours' growth, but develop yellow pigment on 
further incubation. 

Pathogenicity. Toxins. The species is naturaUy 
pathogenic to most warm-blooded animals, and experi- 
mentally to rabbits, mice, &c., causing local suppura- 
tion and often general abscess-formation (pyaemia). 
Its virulence, which is highest in the aureus variety, 
is due to both e.ro- and endoto.riyis. The latter is both 
haemolytic and leucoeidal ; and when perfused through 
an animal's lung it lil>erates histamin, to which some 
of its toxic effects are probably due. Temporary cap- 
sules have recently been demonstrated in vivo in 
virulent strains (p. 48), 

Staphylococcal infection in man. The typical lesion 
is an acute suppurative local inflammation, consisting 
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of a central necrosis (the core) surrounded by a zone of 
mainly polymorphonuclear leucocytes which merges 
into a layer of granulation tissue as the centre liquefies 
and the focus becomes an abscess. The regional lymph- 
nodes often become infected, especially in children. 
The infection does not u.sually spread farther, but it 
occasionally reaches the blood by the agency of a 
‘ septic ’ clot in a vein contiguous to the primary focus ; 
and serious or fatal 'pyaemic’ abscesses may thus 
develop in various parts of the body. Pustular skin- 
eruptions, boils, carbuncles, and septic sores are 
caused by the multiplication of the coccus in sweat- 
ducts, hair-follicles, and minor wounds. The escape of 
a few cocci into the blood from .some trivial lesion may 
give rise to a focus of suppuration in a bone (acute 
osteomyelitis) or in some other organ. In the severer 
lesions the cocci are practically always of the aureus 
type; while in chronic benign pustules like those of 
acne they are generally white. 

Occasional outbreaks of food -poisoning are caused 
by the growth of staphylococci in moist food. 

Diagnosis is straightforward, since the clumps of 
Gram-positive cocci in dried films of polymorpho- 
nuclear pus are usually easy to recognize ; and cultiva- 
tion by smearing a loopful of the material on an agar 
slope presents no difficulty. 

Immunity and therapy. The natural resistance of 
man to this ubiquitous parasite is evidently high, or it 
woidd long ago have destroyed our race. But recovery 
from infection does not confer complete or lasting 
immunity from further attacks. 

Attempts to induce passive immunity (p. 249) by 
means of antiserums have uniformly failed, but 
therapeutic active immunization (vaccine-therapy) 
with killed suspensions has met with considerable, if 
irregular, clinical siiccess. The word clinical needs to 
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be emphasized because the conditions of h\nnan life 
make it practically impossible to estimate scientifically 
the results of any form of vaccine-therapy. Yet there 
is no doubt that a complete cure from recurrent boils 
may follow a dose or two of autogenous vaccine. 
Toxoid (formolized toxin, p. 51) has shown promise 
as a therapeutic stimulant of antitoxic immunity. 

V/^taphylococcus epidermidis (albus) 

A group of noil -pathogenic, non-haemolytic, white 
cocci of tlie skin, especially of the scalp. By the ordinary 
tests they cannot b(^ distinguislied from th(» white variant 
of ^taph. pyogenes ; but they differ in their lack of haomo- 
lysin, in th('ir complete avirulence for animals, and in 
failing to react with agglutinating or preciyiitating anti- 
seruins made with suspensions or extracts of the patlio- 
g(‘nic specii’s. 

Micrococcus tetragenus (Table VI) 

The chief characteristic of this coccus is its arrange- 
ment in tetrads; i.c. groups of four cells arranged sym- 
metrically. Only a yiroportion of the elements are so 
arranged, ])airs and larger groujis being also common. 
Its cultural characters are much like those of the white 
stajihylococci. It is a normal inhabitant of the body 
(Table XKVI, p. 20G) and is usually harmless, but it 
occasionally causes sufipuration and even s(*ptioaemia. 
Numerous similar species, often giving pigmented growth, 
occur in air, waiter, and elsewhere. 

Sarcina (Table VI) 

This is a group of yellow cocci very like Micrococcus ^ 
but growing typically in cubical packets like roped bales 
of goods. They occur in air, water, and in the stomach 
and intestines of man and animals. Though normally 
non-pathogenic, they are sometimes found in the pus in 
suppiurativo conditions. 
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STREPTOCOCCUS 

{Throat iiifectiorh^; scarlet fever; endocarditis; suppura- 
tion; septicaemia ; ertfsipelas; pneumorna , drr.) 

This genus consists of (‘hained, non -motile, non- 
sporing, Gram-positive and, with a few exceptions, 
aerobic cocci. The innumerable races are divisible 
according to their cultural and biochemical characters 
and parasitic habits into four groups, of which the first 
two are by far the most important: (1) Streptococcus 
pyogenes \ (2) Streptococcus pneumoniae (])neumococ- 
cus) : (.‘^) The mouth-streptococci, Str. viridaihH and 
Str. saprophyticus \ (4) The ‘ faecalis-lactis group’ 
comprising the harmless Str. faecalis or enterococcus, 
and the milk-souring Str. lacfis. 

Streptococcus pyogenes 

(Syn. 8tr. haernolyticus) 

This organism is the cause of a great variety of 
suppurative inflammations in all parts of the bo<ly, 
especially the throat, tonsils, skin, and subcutaneous 
tissues. Spi'cially toxic varieties cause scarlet fever. 
A very dangerous blood-infection (septicaemia) may 
result from any of these conditions, and also from 
infection of the uterus after child-birth (puerperal 
fever). 

The general characters of the organism are shown in 
Tables \T and \T1 and Fig. 8. It usually grows in 
chains of between ten and fifty cells of about 0*75 p 
diameter, but shorter chains and pairs (diplococci) are 
often to be seen. 

Culturally, it is rather delicate and requires frequent 
subcultivation. The growth on agar is not profuse 
unless the medium is enriched with blood or serum. 
In broth the growth is granular and collects on the 
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walls and bottom of the tube. The colonies on solid 
media are small, moderately opac^ue, and unpigment(‘d. 
On blood-agar in 24 hours a zone of eomplete haemo 
lysis (called j8-haeniolysis) is seen round the c‘olonies. 
Sir. pneumoniae and viridans on the contrary produce 
at first an opaque greenish ring \\hieli, on prolonged 



Eiu. S. Stn'ptoc(H'cus pifotnms iii pus 


incubation, may be surrounded l)y a zone of weak 
(a-) haemolysis. 

Biochemical reactions. Several carbohydrates are 
fermented, without ga^-j)roduction. (Generally speak- 
ing, the failure of the organism to ferment munniiol 
distinguishes it from Sir. faecal is ; and a similar abseqee 
of eflect on inulin separates it from Fdr. pneumoniae ; 
but these reactions are hardly constant enough to 
be relied upon for differentiation. The antigenic struc- 
ture of the group is very complex and incompletely 
understood. In addition to some 80 ‘ types \ each with 



TABLE VII. Differentiul Characters of Streptococci 
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its type-specific antigen, certain sub-groups are anti- 
genically distinguishable by precipitin-reactions with 
bacterial extracts. One of these, ‘Group A of Lance- 
field’, is of primary importance as containing the 
great majority of the human pathogenic types. 

Pathogenic action. The organism is naturally patho- 
genic to man and domestic animals. Of the laboratory 
animals the mouse is by far the most susceptible to 
experimental injection (Table VII). 

The lesion in man in all its forms is an acute inflam- 
mation with aggregation of polymorphonuclear leu- 
cocytes, oedema, and suppuration ; sometimes locafized 
in abcesses, but often diffuse and spreading, as in 
erysipelas and cellulitis. The strong invasive tendency 
of the organism only too often leads to septicaemia. 
It produces an exotoxin, the potency of which varies 
greatly in different races. The move toxigenic cause 
erythematous rashes, of which scarlet fever pro- 
vides the most typical example. In this disease the 
organism can practically always be found in the throat, 
and the infection can be reproduced in man by spray- 
ing pure cultures into the throat. Even filtered cul- 
tures, free from bacteria but containing toxin, if 
injected into a human subject cause a transitory fever 
and rash indistinguishable from a mild attack of scarlet 
fever. Throat infections with Str. pyogenes are often 
followed, after an interval, by rheumatic fever; but 
since streptococci are not demonstrated in the blood 
or joints, their connexion with the disease is uncertain. 

Toxins. Str. pyogenes produces both exo- and endo- 
toxin. The former is present in filtrates of young 
cultures and contains at least two components: one 
haemolytic and leucocidal, destructible at 60° C. ; the 
other erythrogenic or rash-producing, and needing 
90° C. or over for inactivation. The rash is probably 
duo to the liberation of a liistamin-like substance by 
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cells damaged by the toxin. The production of a rash 
depends solely on the (variable) potency of the erythro- 
gcnic factor : but the inva/iive power of the cocci de- 
])ends both on the leucocidal power of the exotoxin 
and on the antiphagocytic substance in tlie vsurface 
layer (temporary capsule). The exotoxin also contains 
ajihrinob/sin, which assists invasion by preventing the 
coagulation of plasma and the consequent blocking of 
capillaries round a focus of infection. Scarlatiniform 
rashes occur not only in the highly toxigenic throat- 
infections whi(‘h we class as scarlet fever, but also in 
infections ot the skin, connective tissues, \iterus, &c. 
(“septic rashes’; {surgical scarlet fever’, &c.). Proof 
that the rash of scarlet fever is due to the toxin is given 
by the Schultz-Charlton reaction, in which a minute 
quantity of specific antitoxin injected intradermally 
causes a local blanching of the rash. This has been 
used in diagnosis, but is not reliable. The production 
of a rash, as also of other symptoms of intoxication, 
depends not only on the toxicity of the coccus but 
equally on the i^nsceptibilitu of the infected subject to 
the toxin. Thus the same streptococcus may cause 
‘scarlet fever’ in one person, a rashless tonsillitis in 
another, anrl a ‘septic finger’ in a third. 

The Dick test enables us to evStirnate with moderate 
accuracy the sensitivene.ss or resistan(!e of a person’s 
tissues to the eri/throgenic fraction of the toxin. It is 
based on precisely the same principles as the Schick 
test for susceptibilit y to diphtheria. A minute quantity 
of toxin injected intracutancously produces a local 
pink swelling (i.e. a positive reaction) in individuals 
whose blood is devoid of natural or acquired antitoxin, 
but no reaction in those who have acquired some 
immunity by previous infection or sub-infection (p. 9). 
The test is no good in infants, whose skin is insensitive 
to the toxin and who therefore all give negative re- 
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actions although generally susceptible to the disease. 
Otherwise the effects of age, conditions of life, &c., on 
the reaction are similar to their effects on the Schick 
test (q.v. p. 13*1). The Dick reaction does not completely 
decide whether an individual is immune against scarlet 
fever, since factors other than sensitiveness to the 
erythrogenie toxin also come in ; but there is a high 
statistical correlation between Dick-negativeness and 
immunity. 

Spread of infection. In scarlet fever, tonsillitis, &c., 
infection is spread chiefly by droplets from the throats 
of patients and carriers. In pre-Listerian days, when 
puerperal fever decimated parturient women, the 
streptococcus was carried from case to (‘ase on the un- 
washed hands of doctor or midwife. Nowadays, it 
appears that the patient’s or attendant’s throats are 
often to blame, and that simple gauze masks help to 
prevent this still formidable disease. 

Among other vehicles of streptococcal infection are 
pus and scabs from wounds and son*s, e])idermal scales 
after toxic rasiies and milk contaminated by human 
carriers in farm or dairy. 

Diagnosis. Bacteriological proof of scarlet fever is a 
complicated matter involving the identification of the 
streptococcus cidtivated from the throat as one of the 
1 7 antigenic tyyjes that cause scarlatinal rashes. Special 
laboratory facilities are therefore lu^cessarv. The mere 
presence of Str. pyogenes is not enough, as it may be 
found in non-scarlatinal sore-throat, in tonsillitis, and 
in healthy carriers. In inflammatory and suppuratire 
conditions the diagnosis is made by ilirect microsco])ic 
examination of dried films of pus or exudates, supple- 
mented by cultiv^ation on blood-agar to demonstrate 
haemolysis. For septicaemia cultivation of the blood 
in broth is necessary, since the cocci can seldom be 
found by direct examination. 
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Immunization and thera'py. Antitoxic serum is made 
from the blood of horses subjected to a course of injec- 
tions of the streptococcal exotoxin. Experiments on 
animals and clinical trials on man have shown that the 
antibodies it contains neutralize the exotoxin and 
prevent its deleterious actions on the tissues ; but its 
effect on the invasive properties of the microbe are 
less striking. Anti-endotoxic serums prepared by the 
injection of the endotoxins of the organism into large 
animals have proved experimentally effective, but 
only against the particular race of streptococcus con- 
cerned, because of the diversity of the endotoxic anti- 
gens of the group. 

Active immunization agaiiLst scarlet fever with small 
injections of toxin is done in the same way us for 
diphtheria(p. 130). Toxoid, which is difficult to prej)are 
without loss of antigenicity, is now being tried in 
various quarters. Recent experience has, however, 
thrown doubt upon the utility of this purely antitoxic 
immunization, which, though it abolishes the rash, 
leaves the chief menace of the disease, streptococcal 
invasion, untouched. 

Chemotherajjy of streptococcal infections, see j). 253. 

Streptococcus pneumoniae 

(Syn. Pneumococcus) 

This organism is mainly found in the sputum and 
lung-lesions of lobar pneumonia and in the resulting 
pleural exudates. Also in acute and chronic catarrhal 
inflammation of the air-passages, usually in conjunction 
with other bacteria ; in the purulent fluids of pneumo- 
coccal peritonitis, meningitis, arthritis, pericarditis, 
and pleurisy, and finally in the throats of a variable 
number of healthy persons. 

Its main characters are sufficiently shown on pages 
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54, 60, and in Fig. 9. The lanceolate elongation of 
the cells in the long axis of the pairs is characteristic, 
though shared to a certain degree by the coarser Sir. 
faecal is. Capsules are often diilicult to demonstrate in 
cultures, but are always formed in the tissues. 



Eio. 9. Streptococcus pneutnoniae (vvitli and 
withovit capsules) 


For first isolation agar enriched with serum or blood, 
fresh or heated, is advisable. The organism grows 
thinly on plain agar, and rather better in broth, pro- 
ducing a uniform turbidity. It acidities without gas- 
production several carbohydrates, including inuliu, 
which is not fermented by the other species of the 
genus. Solubility in bile or solutions of bile-salts is a 
curious and unique character of the species. 

The pneumococcus is highly virulent for mice and 
guinea-pigs, but much less so for larger animals. 

F 
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The lesion in man is of the acutely inflammatory and 
suppurative type, the polymorphonuclear leucocyte 
being the preponderant cell. In pneumonic and serous 
infections there is a coincident pneumoccoccal septi- 
caemia, and it is on the severity and duration of this 
factor that the danger of lobar pneumonia largely 
depends. The phagocytes are unable to cope with 
the rapidly multiplying cocci until specific antibodies 
begin to appear in the blood on the 4th to the 7th day 
of the illness, when, in favourable eases, a crisis of 
bacterial destruction and resolution of the inflamma- 
tory exudate takes place. 

Toxins and antigens. The pneumococcus produces 
no exotoxin. Its invasive powers are due to its anti- 
phagocytic capsular antigens. Antigenic analysis with 
antiserums made with a variety of races has shown that 
the species is composed of at least 32 serological types 
of which the first three are especially common in 
pneumonia. Types I and II are identified in practice 
by agglutination with type-specific serums, and type 
III is identifiable w ithout agglutination by its property 
of producing a moist, mucoid growth on solid media. 
The remaining types used to be classed as Group I\" 
(or type IV), but are now given separate numbers. 

Chemical analysis has established the important 
fact that the antigenic individuahty of the types is 
due to different polysaccharide components in the 
capsule. Isolated in the pure state, these substances 
react by specific precipitation with the appropriate 
antiserum, though, curiousl}^ enough, they are not in 
themselves antigenic, i.e. they are incapable of stimu- 
lating antibody formation. It is only in their natural 
state of combination with the non-specific protein- 
components of the coccus that they can act as antigens. 
To distinguish these substances from true antigens and 
to emphasize their combining properties, the name 
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Haptens has been given to them. Other bacteria, per- 
haps all, possess similar components (p. 238). 

Variation of the coccus from the original smooth 
phase to the rough involves the disappearance of the 
specific polysaccharide and a consequent loss of viru- 
lence ; and in this connexion a very interesting obwserva- 
tion has been made. If a living rough culture is mixed 
with a killed smooth suspension of another type^ and 
injected into a mouse, the animal dies and its blood is 
found to contain smooth pneumococci of the type of the 
killed suspension. The rough living coccus has thus 
been stimulated by the alien specific smooth substance 
to produce the same substance for itself. A similar 
transformation has lately been effected by the simple 
cultivation of a rough strain in medium containing 
killed pneumococci of another type. 

Immunization and therapy. In order to supply speci- 
fic antibodies as soon as possible in pneumonia, anti- 
serums are made by injecting horses with killed and 
later living pneumococci. Serums for types I, II, and 
III have been considerably used, and progress is being 
made with other types. The organism from the patient 
is typed by agglutination with specific serums, or by 
microscopical observation of the sw elling of the capsule 
under the influence of the specific serum. 

Clinical records show a statistically significant re- 
duction of case-fatality in type I pneumonia, but the 
effect of the other type-serums is not yet clear. 

Active immunization of limited communities against 
the most prevalent types of pneumococcus, by means 
of killed suspensions (vaccines), met with apparent 
temporary success in reducing the incidence and 
severity of the disease in the S. African mines ; but 
here again the diversity of the antigens and the fluctua- 
tions of the infecting types have proved serious 
obstacles. 
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The recent discovery that the enzymes of a certain 
saprophytic bacterium dissolve the capsules of tviK^ 111 
pneumococcus, and thus protect mice experimentally 
against it, may liavo an interesting future. 

The Mouth- Streptococci 

Streptococcus' viridans. This name originates from 
the greenish ring (}). 59) round the colonies on fresh 
or heated blood agar, apparently due to the formation 
of HgOo. In this it resembles Sir. pneumoniae, but 
differs in other characters. Table \TI, p. 00. The 
individual races show much variation in biochemical 
action and antigenic structure. These cocci are funda- 
mentally normal commensals of the mouth and ton- 
sillar crypts. They are also regularly found at the roots 
of dead or diseased teeth, whence they may pass into 
the blood. There they are almost always disposed of 
harmlessly, unless they settle on a damaged heart- 
valve, where they may set up a subacute infective 
endocarditis or endocarditis lenta which is generally 
fatal. They have also occasionally been found in the 
joint-fluid in chronic rheumatism, but their causative 
role is unproven. 

Streptococcus saprophyiicus. This is a convenient 
name for cocci which give neither a nor p haemolysis. 
They are sometimes called the y-type, and are like Str, 
viridans in other cultural characters, but so far as is 
known are completely non-pathogenic. 

Streptococcus faecalis 

( Enterococcus ) 

A nonnal inhabitant of the digestive tract, especially 
in its lower half. Usually harmless, it appears to be some- 
times capable of causing inflammatory irritation in the 
urinary system, and may be found in association with 
other bacteria in the peritoneal effusion of perforative 
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appendicitis. Only a few of the many races tested have 
shown even the inild(*st pathogenicity for animals (rab- 
bits). The toleration of n^Iativt'ly high temperatures, 
such as 60'’ C. for 30 min., is a, peculiar characteristic of the 
specii'S (Table Vll), as also is its ])owt‘r of f(*rmenting 
mannitol. It is much more robust than the (jther stn^pto- 
cocci and grows readily on gelatin at 22" sometimes 
causing liquefaction. The common milk-souring Str. 
lactis is of the same general tyj)e. 


N KISS Ell I A 

{Gonorrhoea; meningitis : catarrh) 

This genus consists of (Jrain-negative, non-inotile, 
non-8])oring, unenca})sulate(l, aerobic cocci, growing in 
double-hemispherical })airs and clum])s ; mostly deli- 
cate and needing special culture-media. It includes 
the important gonorrhoeae and N. meningitidis, the 
feebly pathogenic xV. catarrhalis, and a number of 
harmless nasopharyngeal varieties classed together as 
N , pharyngis. 


Neisseria gonorrhoeae 

(Gonococcus. Neisser 1879) 

This species, whose main characters are given on 
p. 54, is most often found in the ])us from acute and 
chronic intlammation of the human urethra (Fig. 10). 
It also causes acute conjunctivitis and (more rarely) 
inflammation of the mouth and rectum. The charac- 
teristic diplococcal form is best seen in pus, w here the 
cocci are mostly in pairs like tw o half-moons w ith their 
flat sides contiguous. In cultures one sees chiefly 
spherical or oval cocci (about 0*6 to 1-0 /x in diameter) 
in clumps, though typical diplococci can usually be 
found. 

Cultivation is not easy, and the addition of serum 
or blood to agar is essential both for isolation and 



70 THE PYOGENIC COCCI. STAPHYLOCOCCUS. 

maintenance. At temperatures below 30° C. no growth 
takes place. Unless kept in a closed, moist jar at 37° C. 
cultures tend to die out in a few days, but under the 
best conditions they will often survive for a month. 

The colonies, which take 48 hours to grow to full 
size, are small, round, translucent, smooth, viscid, and 



Fig. 10. Gonococci in gonorriioeal pus 


greyish-white. In long -cultivated races rough colonies 
are sometimes seen. 

Growth in serum-broth is scanty, with slight turbidity 
and some deposit. Resistance to desiccation and anti- 
septics is feeble, and since the organism cannot long sur- 
vive outside the body the statements of patients that 
they have contracted gonorrhoea from lavatory seats 
should be taken with reserve. 

Biochemical actions are mainly negative. Indole is 
not produced, and glucose is the only carbohydrate 
fermented (without gas-formation). 



STREPTOCOCCUS, AND NEISSERIA 71 

The antigenic characters of the species are not well 
known. By means of agglutinating serums obtained by 
injecting animals with various races it is divisible into 
several rather indistinct groups, in one of which about 
three-quarters of the urethral strains are found. There 
is a considerable antigenic relationship between the 
gonococci and the meningococci. 

The serum of injected animals contains complement- 
fixing and opsonic antibodies, but we have no certain 
means of demonstrating any protective quality. The 
gonococcus is not truly pathogenic to any creature 
other than man, but when it is injected in large doses, 
whether alive or dead, into the peritoneum of mice, 
rabbits, or guinea-pigs, its endotoxins cause peritonitis 
and death. No multiplication takes place, and the 
tissues at death may be sterile. There is no evidence 
of the production of an exotoxin. 

The lesion in gonorrhoea is an acute suppurative 
inflammation. The exudate as a rule shows extensive 
phagocytosis of the cocci by polymorphonuclear leuco- 
cytes. The urethral mucous membrane becomes ulcer- 
ated, and extension to the prostate gland is frequent. 
As complications we find cystitis, orchitis, epididymitis, 
and, in women, endometritis, salpingitis, and peritoni- 
tis. An intermittent invasion of the blood, which 
rarely develops into a fatal septicaemia or endocarditis, 
is more often signalized by acute arthritis or ‘gonor- 
rhoeal rheumatism’, in which the coccus may often be 
isolated in pure culture from the synovial exudate. 

Conjunctivitis is most common in the form of 
‘ ophthalmia neonatorum ’, which is contracted at birth 
during passage through the infected maternal genitalia. 

Channels of infection. The gonococcus is usually 
implanted directly from mucous membrane to mucous 
membrane during sexual intercourse. After recovery 
from an acute attack the patient may remain a chronic 
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carripr with obstinate deep iesiom not caiimg^nTr 
symptoms nor interfering with his sexual activitieH. 
ll appears also that the carrier-state can arise without 
any symptoms of an attack, so that the transmission 
of infection by h person who has never 'had gonor- 
rhoea 'is by no weans an impossibility. 

/?iag//osis is wade by the examination of dried films 
of pus stained by Gram's method. The characteristic 
Gram-negative, intracellular diplococci indicate an 
infection of the Neisseria group, and a knowledge of 
the source of the pus usually excludes N. meningitidis 
or catarrhaJis. Cultivation on serum-agar should be 
done in difficult or important cases, but negative results 
must be interpreted with reserve. 

In the later stages of aeut^ infection, in chronic 
gonorrhoea and arthritis the blood -serum usually 
contains antibodies v hich can be demonstrated by 
the complement -fixation test (p. 180), a suspension of 
several strains of the organism being used as ‘ antigen 
Though the reaction is positive in only about 75 per 
cent, of cases, it is a useful aid to a diagnosis which 
may otherwise be extremely difficult. 

Immunity and immunization. Acute gonorrhoea 
does not confer long-lasting immunity ; nor have we 
any proved means of producing either active or passive 
immunity by injections of vaccines (i.e. killed or living 
suspensions of the coccus) or of antiserum. Chemo- 
therapy with sulphanilamide, &c., has given promising 
results (p. 259). 

Neisseria meningitidis (Meningococcus) 

( Ce rebrospina I mem ingiti s ) 

In its main characters (Table VI, p. 54) this 
organism resembles N. gonorrhoeae. We need only 
describe the points of difference. The meningococcus 
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occurs in the purulent cerebrospinal fluid in cases of 
epidemic and sporadic cerebrospinal meningitis; in 
the nasopharynx of those who have been in association 
with cases of the disease (contact -carriers) ; and in a 
varying proportion of the general population (carriers). 

CtiUurally it is less exacting than the gonococcus; 
it grows more profusely and forms larger colonies. 
Although most long- cultivated races will grow feebly 
on plain agar, and rather better in broth, for first 
isolation the organism needs accessory growth-pro- 
moting factors such as are found in serum, ascitic 
fluid, eggs, and pea-flour. For general purposes coagu- 
lated egg is the most suitable medium ; growth on it 
is rapid and profuse, and the antigenic qualities and 
virulence of the organism are well maintained. Swell- 
ing and disintegration (autoh/sis) of the cells is 
common in cultures; and to be sure of a successful 
subculture a considerable mass of growth must be 
transplanted. 

Biochemical actions are like those of the gonococcus 
except that N . meningitidis acidifies both glucose and 
maltose. 

Ajitigenic character and variation of the coccus are 
of importance in the epidemiology, diagnosis, and 
treatment of the disease. Agglutination and absorp- 
tion tests distinguish two main groups of varieties. 
Group I strains contain two main antigens, present 
in varying proportions. All therefore cross-agglutinate, 
though to ditferent degrees. Grouj) II consists of 
miscellaneous antigenic types which cross-agglutinate 
very little. Variable slight cross-agglutination may 
also be seen between the groups, owing to a basic group- 
antigen. The serological identification of Group I 
strains is fairly easy; that of Group II, owing to its 
heterogeneity, is more difficult. In epidemics a single 
race is usually responsible throughout, and it is most 
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commonly of Group I. Cocci of Group Hare prevalent 
in sporadic eases and carriers. 

The toxic action of the organism, like that of the 
gonococcus, is due to endotoxin, which appears to he 
neither specific nor antigenic. But from whole cocci 
specific polysaccharide haptens can he extracted. A 
recent claim to have prepared meningococcal exotoxin 
(and antitoxin) has not been confirmed. 

Cerebrospinal meningitis and its sporadic form, post- 
basir meningitis, occur naturally only in man, but 
can be experimentally induced in monkeys by intra- 
thecal injection of pure cultures. The cerebral and 
spinal meninges undergo acute suppurative inflamma- 
tion and the cerebrospinal fluid becomes turbid with 
leucocytes and cocci. Though a very formidable 
disease with a 50 per cent, case-mortality, it is luckily 
not very common, nor does it often cause large epi- 
demics. Our natural resistance to the coccus is evi- 
dently high. 

On arrival in the nasopharynx, to which it has been 
conveyed in a droplet of mucus expelled by some 
patient or carrier, the meningococcus multiplies slowly 
and gives rise either to no local symptoms or to a mild 
catarrh. If the microbe is of high virulence or the 
person of low resistance cerebral invasion occurs. But 
many races of meningococci are relatively avirulent 
and only effect a temporary commensal colonization. 

We do not know for certain by what route the coccus 
reaches the central nervous system. There are two 
possibilities: (1) Direct, through lymph channels along 
the olfactory nerve-fibres which pass through the 
cribriform plate. (2) Indirect, through the blood- 
stream. Cultivation from the blood is successful only 
in about one case in four, but slight, transient blood - 
infection may be far commoner than these results 
suggest. Against the nasal route we have the fact that 



STREPTOCOCCUS, AND NEISSERIA 75 

so far as can be experimentally ascertained by means 
of intradural injection of dyes in animals the lymph- 
tlow in that region is nose wards. 

Invasion of tissues other than the meninges is rare, 
but endocarditis, arthritis, and abscess of the kidney 
are the (occasional results of dissemination by the 
blood-stream. 

Spread of infection. The sole source and reservoir of 
infection is man. It was observed during the Great War 
that in the period before an outbreak in a given bat- 
talion the microbe spread progressively amongst the 
men, and when the percentage of carriers reached 20 or 
30, a crop of meningeal infections tended to break out. 
But it has since been proved that much higher carrier- 
rates can occur without any outbreak, and that out- 
breaks happen without a high carrier-rate. It is most 
likely that differences both in virulence of the pre- 
valent strain and of hygienic and nutritional fitness of 
populations play a determining role. Overcrowding is 
also important. It has been shown that during sleep 
the effective ‘spraying distance’ for droplet infection 
is only about 3 feet, and that the carrier-rate depends 
greatly on the spacing of the beds, thus: 

Distance between beds. Percentage of carriers 

Less than 9 in. 30 or more 

I ft. 20 

1 ft. 4 in. 9 to 10 

2 ft. 0 in. 5 

3 ft. 2 or less 

There is good evidence that the recurrence of epi- 
demics in certain institutions has been prevented by 
the timely introduction of wider bed-spacing. 

The diagnosis of meningococcal meningitis is made 
by microscopic examination of Gram-stained films of 
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the puruient Huid obtmned by lumbar mmctur, ' n. 

paired 8«im-lmwr Gram-negative cocci, mostly i,, 
phagocytes, are only distinguishable from gonowsci 
by a kn()\\ k‘dg(‘ of the source of the materia]. ( 'uiturcs 
for conlinnatkm of the diagno.sis and for biochemical 
and agglutinative identification are made by smearing 
some of the purulent fluid on the surface of egg. 
medium or boiled blood-agar. 7V/e precipitin reciction, 
in which a specific antiserum is used to detect soluble 
haptens in ccntrifugalized e.s. fluid from the f>atient, 
is practically always positive in e.s. meningitis and 
very seldom in other conditions. 

To detect carriers the nasopharynx is swabbed with 
a bent swab which is then rubbed on the surface of the 
medium in slope-tubes or Petri-dishes. Suspicious 
colonies are examined microscopically and subculti- 
vated for serological identification. 

Serum-therapy . By treating liorses to a long course 
of w’eekly injections first of killed, then of living, menin- 
gococci an antibacterial serum specific for the type or 
group injected can be produced. Such a serum, when 
injected into small animals with an otherwise lethal 
dose of living cocci or their endotoxin, })rotects them 
from the toxic effects. A very rough idea of its potency 
can thus be obtained, but accurate estimation is not 
at present possible, owing to our inability to stan- 
dardize the endotoxin. 

Statistical proof of the value of serum-therapy is not 
available owdng to wide variations in the methods of 
preparation of the serum, in the strains used, and in 
the doses given ; also to the impossibility of arranging 
clinical treatment in the form of a scientific experiment 
with adequate untreated controls. But the collected 
figures strongly suggest that treatment with a good 
brand of serum, especially in Group I infections, 
substantially reduces the case-mortality of the disease. 
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The serum is usually given intrathecally, but recent 
work suggests that the intravenous route may he 
better. 

Chemotherapy, see p. 2o9. 

Other Species of Neisseria 

Amongst a nninbfw of inon^ or less harmless Gram- 
iiegative cocci fomnl in th(‘ nasopharynx, N. catarrhalis 
stands out as a potential caus(‘ of ehronic catarrhal in- 
flammation, though the (‘vidcncf' of its {)athogenicity is 
(ady circun\stantial. It is un(louht(‘(lly more prevalent 
ami profuse on uniiealthy than on healthy mucous mem- 
branes. 

Th«' hdlowing characte rs distingulsli it from N. mctibi- 
(ptidis (or N. goftorrhofur) : (1) Ability to grow on plain 
agar, ('ven at 20" 25"' G. (2) l..arg('r, demser, and whiter 
colonies on egg, &c. ; not readily t'mulsifiable in saline 
solution. (3) Lack of f(*rm<‘nting power for glucos(‘, 
nuiltos(', (.t'c. (4) Negatiw agglutination redaction with 
meningococcal serums. Although it Jms no power of 
setting up iidection in animals, large doses of living or 
dead culture ha\x‘ a toxic ('ff(‘ct on rabbits and guinea- 
pigs. 

Neisseria pharytigis (Micrococcus flavus) is the name 
giv^on to a group of non -pathogenic nasopharyngeal cocci 
wliich re'semble A", meningitidis mory)hologically, but are 
generally distinguishable in culture by the yellowness of 
the growth or by the dry toughness of the colonies. A 
lack of toxicity to animals and the ability to grow at 20° 
to 30° C. are additional points of distinction. The agglu- 
tination reactions with meningococcal type-serums are 
negative, but this is not conclusive, and since some races 
strongly resemble the meningococcus in colour, growth- 
requirements, and other properties, the differentiation 
may bo almost impossible. 
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BACTERIUM 

(Enteric fever: gastro-enteritis ; bacillary dysentery, d'C. 

This large genus of smallish, Gram-negative, non- 
sporing, freely growing rod-shaped intestinal bacteria 
comprises : (1) The pathogenic, motile Salmonella group 
(after Salmon, the discoverer of the first species of this 
type). The most important species in this' group are 
S. typhi (Eberth. 1880), S. paratyphi A, B,'and C and 
the food-poisoning organisms S. enteriiidis (Gacrtner) 
and S. typhimurinm (syn. Bact. aertrycke). (2) The 
non-motile dysentery group, Bacterium dysenteriae 
(Shiga; Flexner; Sonne d*c.). (3) A miscellaneous group 
of occasionally pathogenic commensals of the intestine 
or air-passages, including Bact. coli, the capsulated 
Bact. friedldnderi, and Bact. faecalis alkaligenes. 

The morphological and cultural characters of the 
various species in the genus are so much alike that their 
differentiation depends largely on the subtler bio- 
chemical and antigenic reactions. 

Biochemical action. The gassy fermentation of 
lactose distinguishes Bad. coli and other related species 
of the third group from the Salmonella and dysentery 
bacteria. 

Among the Salmonellae the failure of S. typhi to 
produce gas from any carbohydrate separates it from 
the paratyphoid and food-poisoning organisms ; and in 
the dysentery group the acidification of mannitol by 
the Flexner varieties, and of both mannitol and lactose 
by Bact. dysenteriae (Sonne) distinguishes them from 
the Shiga type and from each other. Numerous other 
fermentable substances are used for the finer differenti- 
ation of species and varieties ; e.g. xylose, inositol, 
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saccharose, maltose, dulcitol, and also a range of 
organic salts ^ch as tartrates, citrates, and fumarates. 

The non-liqmf action of gelatin by all the genera with 
a few unimportant exceptions is a valuable point of 



FiCi. 11 . Bacterium 


I. A typical bactcriiiin, c.u. Salm, typhi or liuct. coli. 

II. Flagella oi' Salm. typhi. a. Orthodox \lcw (pcritricliatc). b. Pijper’s 
view (laterally ainphitricliatc probably true), a*. Tainilc of loose flagella. 

distinction from Proteus and Pseudomonas (Table X, 
p. 101); and the failure of the Salmonellae to form 
indole and to coagulate milk distinguishes them from 
Bact, coli. 

The Salmonella Group 

[Salmonella typhi, S, paratyphi A, B, and C, S. enteri- 
tidis (Gaertner) and rarer species. Previously called 
Bact. typhosum, paratyphosuin, &c.) 

The average typical cell is a straight motile rod 2 
to 3ft long and about 0-6ft broad. Much variation, 
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]iowever, occurs, and long unsegmented filaments are 
to be found in most cultures. On agar in 24 hours at 
37"" C. all species produce a greyish-white, smooth, 
moist film of growth, or round, smooth colonies of 
good size (2 to 3 mm.). >S'. iyplii and paraiyjihi A grow 
rather less profusely than the others. 

Long- cultivated races tend to throw a proportion of 
rough variants (p. 44). A few^ permanently non -motile 
species, and occasional non-motile variants of motile 
species, are met with in the group. 

In broth the normal, smooth type grows with uni- 
form turbidity and at first little or no deposit. 

LitniuH rnilf:. In the case of S. paratyphi B and C, 
enteritidis, and ty phi murium (aertrycke) a slight 
acidity in the first 24 hours changes to neutral and then 
alkaline in two or three days ; wlicreas S, paratyphi A 
continues acid for at least a week. S. typhi behaves at 
first like paratyphi A, but its reversion to neutral, 
or sometimes to an alkaline reaction, is generally earlier. 

None of the group ])roduces acetyl- carbinol (Voges- 
Froskauer reaction), but all except A pro- 

duce H 2 S, which blackens lead acetate added to the 
medium. 

Antigenic structure and variation in the Salmonella 
group. By means of exhaustive agglutination and 
absorption tests of all the known species, both in the 
natural state and after treatment with heat or chemi- 
cals, the follo^^iug facts have been established: 

(1) Flagellar (H) and somatic (O) antigens. With few 
exceptions the Salmonellae, being motile, have both 
H and O antigens (pp. 28, 100). In the few non- 
motile species and iii non-motile variants of motile 
species only the O antigens are present. Serums made 
by injecting animals with such strains show only 
granular agglutination. 

(2) Diphasic alternation of flagellar antigens. Most 

G 
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of the species of this group have two alternative flagel- 
lar antigens, the one specific, the other non-specific (i.e. 
giving group-agglutination only). In each cell of a 
culture one of these antigens preponderates, to the 



Fig. 12. Dipha.sic and roiigli-.sinooth variations 
of a Sahnonclla i>a(*toriuin (diagraniinatic) 

A. Sinootti motile sj)eeitle. B. .Sinootli motile iioii-sperllle. 
C. SmcHjth non-motile (O ty|M*). I». Koiarti motile aiH'cilie. 

Kou)/h motile iioii-si>eeitle. K. itoiij^h iioa-motile. 


practical exclusion of the other. Thus, on plating out 
such a culture, some of the colonies are agglutinable 
only by a serum specific for that species, whereas other 
colonies are agglutinable also by the serums of related 
species. The position is made clear in Fig. 12 and 
Table IX. After a short period of cultivation a pure 
specific or non-specific sub-race again becomes mixed, 
by the production of cells in the alternative phase. 

When injected into rabbits the specific phase pro- 
duces chiefly specific agglutinins, the non-specific 
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phase a chiefly non-specific serum. Those organisms 
that show this type of alternating variation are called 
diphasic ; t hey include S. paratyphi B and C, and S. 
typhimurinm. There are many other diphasic species, 
each with its own specific antigen and a common 
non-specific one, but their comparative rarity makes it 

Table TX 

A niiqpnic structure of the more important members 
of the Salmonella, group (simplified) 
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yoic. Each 8ymf)()l n'ercsents an antijicn. Minor antigenic components are 
onhttrd. 


unnecessary to describe them in tleiail. There are also 
a number of comjtlicating factors which we need not 
discuss here. 

Monophasic species are those like S. typhi, S, para- 
typhi A , and S. enteritidis, w hose single flagellar antigen 
is of the specific type (Table TX). Another kind of 
monophasic species exists, though it does not include 
any of the most important organisms. Here it is the 
specific phase that is lacking, the only flagellar antigen 
being of the non-specific type. 

(3) Smooth a7id rouyh phase -variation. The funda- 
mental change underlying the rough variation (p. 44) 
is the loss of a somatic component present in the 
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§>moot\i phase. The rough, however, still pos- 
sesses a somatic antigen of its own. Different anti- 
bodies are, therefore, evoked by injection of the two 
variants into animals. 

The rough phase, like the smooth, is usually motile, 
and is then subject to the diphasic variation of its 
llagellar antigen. But it is sometimes devoid of flagella ; 
and since, as we have seen, it is also devoid of the 
somatic antigen which makes for smoothness, it may 
be regarded as having an irreducible minimum of 
antigens (Fig. 12). The rough somatic antigen is the 
least specific of all. Thus, cross-agglutinating rela- 
tionships between the rough variants of different 
groups in the genus Bneterium have been established, 
and are taken as evidence of genetic relationship be- 
tween species that are otherw ise very unlike. 

Imjwrtant relationships. The main somatic anti- 
gens of S. typhi and S. enteriditis are identical, whereas 
their flagellar substances are distinct. paratyphi B 
and S. typhimurivm are similarly related. In many 
cases where a main antigen is held in common by two 
species, minor components will allow^ a distinction to 
be established by absorption tests. The full antigenic 
scheme (of Kauff mann & White) classifies the 40 or oO 
species into about 15 subgroups, according to their 
different 0 antigens. These are further subdivided 
according to their specific H components, and also to 
variable minor components of the nonspecific phase. 
The matter has reached the stage of complexity when 
even experts need a table of reference. Luckily, most 
species are rare, and the common ones are easy to 
identify with serums made with the specific H phases. 

Enteric fever (typhoid and paratyphoid) 

This is an acute fever with early invasion of the blood- 
stream, followed by an ulcerative inflammation of the 
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Peyer’s patches and solitary follicles of the intestinal 
mucosa. Haemorrhage into the bowel and intestinal 
])erforation often result. The cellular infiltration con- 
sists chiefly of large mononuclear cells with some 
polymorphonuclear leucocytes. The enlarged me.sen- 
teric lymph -nodes and the spleen show similar histo- 
logical changes. Inflammatory rose-spots in the skin 
and focal necroses in the liver indicate a wide dissemina- 
tion of the bacteria, which also invade and multiply 
in the gall-bladder. Occasional abscesses occur in the 
])eriosteum of bones and in other organs in the later 
stages of the illness. Typhoid fever (due to S. typhi) is 
generally more severe and has a greater mortality than 
the paratyphoid fevers. 

Channels of infection. (1) Drinking water contami- 
nated with sewage. (2) Milk contaminated by a human 
carrier. (3) Moist foods infected by a carrier or by 
Hies that have recently fed on contaminated excreta. 

(4) Direct contact with enteric patients or carriers. 

(5) Shettfish from contaminated estuaries. A carrier 
is a person who has had an attack of the disease and 
continues to harbour the microbe in his gall-bladder 
or (rarely) kidneys, whence it is discharged intermit- 
tently in the faeces or urine respectively. The carrier- 
state may be of short duration, but often kists for years 
or even for life. It can often be cured by excision of 
tlie gall-bladder. 

In the British Isles enteric fever is due almost ex- 
clusively to N. typh i and S. paratyphi B. Of the other 
two paratyphoids ‘A’ is endemic in parts of Asia and 
Africa, and ‘CP (suipestifer) is a somewhat rare cause 
of atypical enteric in warm climates. Two types of 
S. suipestifer^ closely related to S. paratyphi C, are 
commonly found in acute intestinal infections of 
swine. 

Toxins and antibodies. The poisonous action of tliese 
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organisms is due to endotoxins, consisting of, or in- 
cluding, specific carbohydrate-phosphatide antigens. 
Similarly connected with virulence is the minor com- 
ponent ‘\'i’ of S', typhi (Table IX), which overlies the 
main O antigen of virulent strains and protects them 
from agglutination by O agglutinin (at 37"', not at 
52° C). Sufficient doses of either the living or the dead 
bacterium will kill small laboratory animals ; but the 
disease caused in animals other than apes is a pure 
septicaemia, quite unlike enteric fever in man. Many 
instances of infection with pure cultures of S. typhi, 
accidentally swallowed in the laboratory, have given 
complete proof of its causal role. 

The body reacts to the infection by producing specific 
antibodies against the various antigens of the organ- 
ism. Antibody-production begins on the 4th or 5th 
day of the illness, and reaches its maximum in 2 to 3 
weeks. Immunity against reinfection with the same 
bacterial species generally lasts for a good many years. 

Diagnosis depends on cultivation of the bacterium 
from the blood, faeces, or urine, and on the ‘Widal’ 
reaction, which is a test for the presence of specific 
agglutinating antibodies in the patient’s blood-serum. 
The all too common practice of relying solely on the 
Widal reaction is to be deplored. 

For blood-cultivation about 5 to 10 c.cm. of blood are 
obtained by syringe-puncture of a vein of the fore-arm 
and a few cubic centimetres are introduced into 5 c.cm. 
of ox bile or one or two small flasks containing 50 to 
100 c.cm. of broth. After suitable incubation a loopful 
of the primary culture is streaked on agar or some other 
suitable medium, and any colonies that develop are 
put through the various identification tests. 

For stool-cultivation a specimen of faeces is diluted 
with broth and plated out on a special lactose-con- 
taining agar medium (e.g. McConkey or Endo), on which 
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Bact. coli produces coloured colonies, and the non- 
lactose-fermenting Salmonellae give uncoloured ones. 
There are many variations and refinements of this 
method, for which larger w orks must be consulted. 

Cultures from urine are made by centrifugalization 
and plating the deposit on McConkey’s or a similar 
medium. 

Identifimtion of bacteria. Colourless colonies on 
the special medium are put through the biochemical 
tests indicated on y)ages 80 and 81 . Any whose reactions 
correspond with those of the known pathogenic bac- 
teria are finally identified by agglutination with specific 
serums. 

J'he Widal reaction. About 2 c.cm. of the blood 
drawn from the vein for blood-cultivation is put into 
a separate sterile tube, and after coagulation the serum 
is pipettol off. Dilutions of serum ranging usually 
from 1 in 10 to 1 in 100 are made with normal saline 
solution in small tubes, one set for each type of bac- 
terial suspension to be tested, and a constant volume 
of the suspension is then added. After incubation in a 
water-bath at 50- 55^" C. (H. suspensions 2 hrs. ; O sus- 
pensions 24 hrs.), the highest total dilution showing 
good clumping is recorded as the ‘tit re’ of the serum. 
If the range of serum-dilutions is insufficient, a second 
set from 1 in 200 to 1 in 2,000 is made. The result may 
be taken as ‘ positive ' if the litre is three or more t imes 
higher than either (a) the average litre of natural 
agglutinins for that microbe in the country concerned, 
or (6) the litre shown by the patient in an earlier test, 
before agglutinin-production became active. The latter 
criterion, involving repeated tests, is the sounder. 

For the test in western Europe the following suspen- 
sions are necessary: (1) S. typki (a) flagellar (H), best 
made by diluting a well-grown broth culture one in 
two with saline solution containing 0-4 per cent of 
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formalin, (h) non-flagellate (0) variety, similarly for- 
molized (or motile bacteria treated with alcohol to 
destroy the flagella). The fl suspension detects and 
measures the flagellar agglutinins, the 0 suspension the 
somatic, which are often developed earlier in the 
disease, and sometimes are the only agglutinins present. 
(2) For the paratyphoid infections, generally speak- 
ing, only ‘ H’ suspensions are necessary, since flagellar 
agglutinins seem hardly ever to fail. The test should 
include (a) specific ‘ H ’ suspensions of each typo (A, B, 
and C,) and (b) a non-specific ‘H’ suspension of a 
diphasic species such as paratyphi B or iyphimnrinm, 
in case the group-agglutinin alone should be present. 

The test is partly vitiated by previous attacks of 
enteric fever and by preventive inoculation, both of 
which produce both flagellar and somatic agglutimns. 
Since the flagellar ‘H’ agglutinins may persist in the 
blood at a considerable titre for many years, agglutina- 
tion of the motile suspension in sucli cases cannot be 
interpreted as evidence of present infection. But it 
happens that the anti-somafic (O) agglutinins due to 
inoculation (and probably also to past infection) soon 
sink to titres less than 1 in 50, and, therefore, an ‘O’ 
titre much above this level is a good indication of 
active infection. Since, however, the somatic antigens 
of the different species have a common component, 
not shown in Table IX, it may be impossible to decide 
w hich of the enteric group is involved. 

A further trouble with inoculated persons is the 
anamnestic reaction which occurs in typhus fever and 
certain other febrile states. It consists of a sharp rise 
of the residual ‘ H ’ titre of the patient’s serum against 
S, typhi (and to a less degree against the paratyphoid 
bacteria) during the acute stage of the fever. The ‘ O ’ 
titre, however, is seldom mucli raised ; so that a nega- 
tive reaction with a typhoid ‘ O ’ suspension together 
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with a positive Weil-Felix test (p. 102) will identify 
the disease as typhus fever. 

Carriers are detected by plating out the stools. Ex- 
cretion of the bacteria is so intermittent that several 
repetitions are necessary. The agglutination test is 
useful for sorting groups of suspects. Since carriers 
invariably show some agglutinins, a completely nega- 
tive reaction (H and O) at 1 in 10 removes the subject 
from the group requiring stool examination. A positive 
reaction does not, of course, prove the carrier-state. 

Preventive and therapeutic inoculations. Prophylactic 
inoculation with killed bacterial su8])ensions (vaccines) 
has been shown to induce a considerable degree of im- 
munity for at least a year. In the Bot'r war, when 
inoculation was not practised, more men died of enteric 
fever than of wounds, whereas in the Oreat War of 
1914, when it was carried out thoroughly, the death- 
rate from enteric was negligible. At first only >S'. typhi 
was used, but later 8. jyaratyphi A and B were added 
to the vaccine, since it became clear that the typhoid 
vaccine did not atford jis much protect ion against para- 
typhoid as against typhoid fever. The fact that it 
apparently did afford some protection is attributable to 
the minor (common O component aln^ady mentioned. 
The statistics compiled in the war, though indicating 
the great value of inoculation, are too imperfect to 
])rove it scientifically. Convincing figures, however, 
Avere already on record ; one of the best examples being 
a 1913 report on British troops stationed abroad: — Of 
a total of 18,98(5 men, 8,004 who had not been inocu- 
lated experienced 272 attacks of tyjihoid ; whereas 
10,332 inoculated men had only 52 attacks. The odds 
against this difference being due to chance are more than 
10,000 to 1 . Much corroborative evidence was obtained 
in other armies during the war, and has been confirmed 
in numerous later epidemics. 
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Recent adv^ances in our knowledge of antigens have 
shown that it is essential to make vaccines with the 
smooth phase of the bacteria, since it is the smooth 
somatic antigens that produce immunity, while anti- 
bodies against the flagellar or ‘H’ antigens arc of little 
or no importance. 

Oral immiinization. The administration of prophy- 
lactic vaccines by the mouth has been tried on a con- 
siderable scale. The statistical evidence so far collected 
is favourable, and is supported by the fact that per- 
sons thus treated develop the important anti-somatic 
agglutinin : but further evidence of its value is still 
needed (see p. 249). 

Gastro -enteritis 

This variety of ‘ food -poisoning ’ is caused by various 
species of the Salmonella grouj). S. enleritidis (Gaert- 
iier) and 8. ff/phimurium are by far the most common ; 
but a great number of species or varieties, often dis- 
tinguishable only by the possession of special specific 
antigens, have been isolated from single cases or small 
epidemics. 

The symptoms of gastro-enteritis are those of acute 
poisoning. With little or no incubation period an at- 
tack of vomiting and diarrhoea sets in, lasts for a day 
or longer and usually passes off without serious results. 
Fatalities, however, are by no means rare. 

The microbes are usiially swallowed in considerable 
numbers with the contaminated food in which they 
have been growing, which is usually mince or sausage- 
meat prepared in bulk and unhygienically stored before 
use. 

The sources of infection are: (1) The animal provid- 
ing the mince-meat. (2) Rats, mice, or human carriers 
infecting the meat. (3) Eggs of infected ducks. 

Many animals and rodents suffer from natural Sal- 
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monella infections, and the human disease is essentially 
of animal origin. Rats are so suscey^tible to S. enter i- 
fidis and S. typhimurium that commercial preparations 
of living bacteria of these types (‘ rat- virus ’) are used 
for rat-extermination. But the claim of the vendors 
that these ‘viruses’ are free from risk to human beings 
and domestic animals has more commercial than scien- 
tific justification. 

The toxins, which are heat-resistant, are not present 
in filtrates of young (ailtures, and are therefore classed 
as endotoxins. Owing to their presence, contaminated 
meat can cause severe symptoms even after it has been 
sterilized by cooking. Here the symptoms are im- 
mediate, as in botulism (p. 173). 

Diagnosis. This is generally done by cultivation of 
the microbe from the stools or vomit. Blood-cultiva- 
tion is much less reliable than in the enteric fevers, 
though the organism is often present in the blood in 
fatal cases before death. 

Platings of a suspension of hiecal matter on a lactose- 
containing medium are examined for non-lactose fer- 
menting colonies, and these, if present, are sown in 
various carbohydrate media and a culture in broth or 
on agar is made to provide a suspension for agglutina- 
tion. The test is done with specific ‘H* serums of 
N. enteritidis and ^S'. typhimurium, and with a compo- 
site group-phase Salmonella serum . J f these give nega- 
tive results, serums of the less common types may be 
tried, but the accurate identification of rarer types can 
only be done in special laboratories. 

The agglutination-test of the blood-serum of the 
patient is capable of giving the diagnosis clearly ; but 
the test is only applicable in protracted cases, or in 
convalescence for the purpose of retrospective dia- 
gnosis, since an ordinary acute attack is over long before 
the agglutinins develop. The serum is tested against 
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suspensions of the specific phase of S. enterifidis and 
typhimurium and a non-specific phase Halinonella sus- 
pension. If the two former are negative, further tests 
are done against the specific phases of the rarer species. 

THE DYSENTERY OROIIP 

The chief members of this group are: Bacterium 
dysenteriae {Shiga), Bad. dys. (Flexner), and Bad. dys. 
(Sonne). Two salient characters distinguish the dysen- 
tery bacteria from the majorityof the Salmonella group 
and Bad. coli, viz. lack of motility and failure to produce 
gas in the fermentation of carbohydrates. There is 
nothing characteristic in their morf)hology or cultural 
requirements. They are found chielly in the thin, 
purulent faeces in cases of a(Hite and chronic dysen- 
tery, and only very rarely in the healthy human in- 
testine, or in animals. In the outer world they occur 
from time to time in contaminated water, milk, and 
sometimes in soft foods. 

The three main species are distinguishable from one 
another not only by their biochemical actions (p. 80), 
to which we may add t he ])roduction of indole by the 
Flexner species alone, but also by their antigenic 
specificity. 

A ntigenic properties. The non-mannite fermenting 
Shiga is an antigenically distinct and uniform species 
with a single, specific, smooth antigen. This, of course, 
is somatic, since we are dealing with a non-motile 
group of organisms. 

The Flexner species or sub-group contains a number 
of antigenic varieties, each having a specific and also 
a variable quantity of a group-antigen . During cultiva- 
tion the latter tends to supplant the former. Various 
names have been given to specific strains ; V, W, X, Z, 
103, 119, &c. The type called Y has lately been shown 
to be an entirely non-specific form, derivable probably 
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from any specific type. There is practically no cross- 
reaction with the Shiga or Sonne species. The last- 
named (Sonne) is antigenically uniform, and quite dis- 
tinct from the others, apart from a minimal cross- 
reaction with the X type oi' Flcxner. 

Rough non-foxic variants occur in old cultures of all 
species, and differ antigenically from the smooth phase 
owing to the loss of the specific smooth component. 
There is, as usual, more cross-reaction amongst the 
rough variants than amongst the smooth (cf. p. 84). 

In this connexion the Sonne bacterium has an in- 
teresting peculiarity. Direct platings from dysenteric- 
faeces in this infection usually show only smooth 
colonies, but if is not uncommon to see also Hatter, 
granular, spreading colonies, apjiarently of the rough 
type. When a smooth colony is cultivated in brcHh and 
then plated out, a large proportion of these rough 
colonies will almost always develop, and unless special 
precautions are taken, the whole culture soon turns 
rough. 

Pathogenic action and toxins. The normal smooth 
phase of all three species is toxic in different degrees to 
animals (rabbit, guinea-pig, horse, (Src.) wheninjectedin- 
traperitoneally or intravenously in considerable doses ; 
but no actual infection takes place. Of the three, Shiga 
has by far the strongest action, the other two being 
about equal. These latter are often called the 'atoxic’ 
or evem the ‘ pseudo-dysentery ' bac-teria. The toxins of 
the mannite fermenting species, Flexner and Sonne, 
are endotoxins, but that of Shiga is of an intermediate 
type (p. 49), having some of the characteristics of an 
exotoxin . 

The lesion of bacillary dysentery in man is an in- 
flammatory ulceration of the mucous membrane of 
the large intestine, with swelling of the regional lymph- 
nodes and general intoxication. The outstanding 
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symptom is a violent bloody diarrhoea. The bacteria do 
not generally invade the body widely, and are rarely to 
be found in the blood. Though the malady is usually short 
and sharp, chronic ulceration is not uncommon. This 
either manifests itself as ‘chronic ulcerative colitis’, 
or, if of minimal extent and consistent with moderate 
health, gives rise to the carrier-state, which is often 
responsible for the spread of infection. 

Shiga dysentery in man is general II y more severe 
than infection with the ‘atoxic’ species, though the 
latter is often serious and occasionally fatal. 

Asylum dysentery and some epidemics of infantile 
summer diarrhoea are due to one or other of the man- 
nite fermenting ‘atoxic’ species. 

Routes of infecticyn. Dysenteric infection enters by 
the mouth. The common channels of spread are: (1) 
Direct infection with excreta. (2) Faecal contamina- 
tion of drinking-water. (3) Contamination of milk or 
food by flies or carriers. Experimental infection of 
human volunteers with pure cultures of Bact.dgs. (Sh iga) 
has fully proved its aetiological role ; and accidental 
infections in the laboratory have done the same for the 
Flexner type. 

Antibodies ; immunization and serum-therajyg . In the 
defensive reaction of the body to the infection, specific 
agglutinins and, in the case of Shiga, antitoxins are 
elaborated and can be (hdccted in the blood ; and the 
production of similar antibodies can be induced in 
horses by a careful course of injections of killed, followed 
by living, cultures. There is fairly good evidence of the 
therapeutic value of antidysenteric serum in the toxic 
(Shiga) type of infection. A polyvalent serum contain- 
ing antibodies against Shiga and the main Flexner 
types is commonly used, but its effect on Flexner infec- 
tions is problematical ; while Sonne generally causes 
too mild a disease to need specific treatment. 
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Active preventive immunization has been practised 
both with subcutaneous injections and by oral adminis- 
tration of killed vaccines, and considerable success has 
been claimed, but no convincing statistics are avail- 
able. Vaccine-therapy and treatment with specific bac- 
teriophages (p. 224) are in a similar position. 

Diagnosis. M icroscopic examination of bloody mucus 
from the stools shows numerous polymorphonuclear 
leucocytes, red cells, and swarms of non-motile Gram- 
negative bacteria. The absence of Entamoeba histo- 
lytica excludes the symptomatically similar amoebic 
type of dysentery (p. 197). 

Plate -cultivation of perfectly fresh stools in the early 
stages generally yields numerous non -lactose ferment- 
ing colonies with the biochemical and agglutinative 
characters of the group. 

Finally, the agglutination -react io)i of the patient’s 
serum may give evidence of the production of specific 
antibodies. At least four suspensions must be used for 
a complete test: (1) Shiga. (2) Flexner W, and Y 
mixed. (3) Flexner X and Z mixed. (4) Sonne. With 
a carefully controlled technicpie the method is capable 
of giving a diagnosis in a good proportion of cases, 
c^specially in Shiga infe(‘tions ; but the titres are usually 
low, and in many cases no rise of agglutinins can be 
detected, so that the method is less generally practised 
than the Widal test for enteric fever. Normal human 
serum sometimes agglutinates Flexner suspensions to 
1 in 50 or 1 in 100 ; and the rough type of Sonne to 1 in 
200 or more. 

Barer species of the dysentery group. Bad. dys, 
(Schmitz), a non-mannite fermenting, but indole-pro- 
ducing species, is accepted on good evidence as causing 
occasional cases and epidemics of dysentery. The same 
is true of Bact. Newcastle (or Flexner 8H), an irregular 
mannite fermenter with a variable power of producing 
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gas in glucose. Both the foregoing species have speci- 
fically distinct antigens. Two other biooheinh^ally 
and antigenically distinct species, Bad. alkakscens 
and Bad. dispar, are suspected of causing dysenteric 
symptoms. 
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BACTERIUxM(cont.). PROTEUS ; PSEUDOMONAS ; 
VIBRIO 

Bacterium coli (Table IX) 

This name covers a group of lactose-fermenting rods 
with the general characters of the genus Bacterium, 
(p. 78). Most of them normally inhabit the intestines 
of animals and man and are also found in water and 
soil contaminated with excreta. The group interests 
us in three ways : 

( 1 ) As the regular intestinal commensals from which 
we have to separate and distinguish the pathogenic*, 
organisms in cases of intestinal di.sease, 

(2) As containing a sub-group of varietit's which are 
capable of causing disease, especially of the urinary 
tract. 

(3) As affording evidence of the faecal contamina- 
tion of water-supplies (see p. 261). 

The varieties included under the general term Bad. 
coli are distinguished from each other by their fer- 
mentation reactions and differences of motility ; also 
by their behaviour in the V oejes- Proskauer reaction 
(addition of strong NaOH to a 3 days’ glucose peptone- 
water culture gives an eosin-red colour due to acetyl- 
inethyl-carbinol) : by the pH they produce in a glucose 
medium (methyl-red test) ; and finally by the ratio of 
CO 2 to H 2 produced from carbohydrates (gas-ratio). 
Tables of these reactions will be fo\ind in larger text- 
books. 

The fermentation of lactose, quickly and with gas- 
I)roduction, seems to be a peculiarity of the non- 
path ogenic or saprophytic varieties, whereas those 
races that have either been proved or suspected to be 

H 
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pathogenic are generally atypical in the slowness of 
their lactose -fermentation or in their failure to produce 
gas. In other words, adaptation to the commensal 
type of nutrition develops certain ferments which arc 
suppressed in variants that have acquired the power of 
tissue-invasion. It is tempting to go one step farther 
and speculate that the highly pathogenic Salmonella 
and dysentery bacteria may have originated from 
some ancestral coliform stem by a series of adaptations 
involving, among other changes, the complete suppres- 
sion of the lactose-splitting ferment. Evidence that 
the faculty is not entirely lost in highly pathogenic 
species, such as Bact. typhosum, has been given by the 
successful ‘ training ’ of races of that organism to fer- 
ment lactose by prolonged cultivation in lactose-con- 
taining media. A particularly interesting type of late 
lactose-fermentation is a central feature of the peculiar 
colony- variation of a race called Bact. coll muiabilc. 
The colonies of this organism on a lactose-containing 
agar with an indicator dye which turns red on acidifica- 
tion are at first all colourless, but after two or more 
days incubation some or all of the colonies show the 
development of numerous tiny knobs or ‘daughter’ 
colonies, which grow larger and then turn pink or red, 
indicating lactose fermentation. A fresh plating from 
such a colony after 24 hours incubation shows a mix- 
ture of primary red colonics and colourless ones, which 
later produce red knobs. The former are quick lactose- 
fermenting variants of the slow-fermenting mother race. 

A similar type of variation is seen in Bact. dys. 
(Flexner) and other organisms grown on carbohydrate 
media. 

The late lactose fermenters are mostly found in 
diarrhoeic or dysenteric disorders of the intestines, 
especially in the tropics, and are thought to be at 
least a contributory cause of the condition. 
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Finally, the haemolytic type is definitely pathogenic, 
being found exclusively in infections of the urinar}^ 
tract cystitis, cysto-pyelitis, and the like. It can be 
readily cultivated from the purulent urinary sediment 
and identified by its fermentation reactions. 

Antigens. The somatic constituents of different races 
are very diverse, the haemolytic group alone having 
at least ten different O antigens. Little seems to be 
known about the flagellar antigens. 



Bacterium friedlanderi 

This is a short, stoutish capsidated ‘colifornf 
organism strongly resembling Tkict. coli in its cultural 
and biochemical reactions, and found in infections of 
the respiratory tract and in suppurative lesions else- 
where. It is also present in a small proportion of 
normal intestines (p. 101 and Fig. 13). 
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It is undoubtedly pathogenic, causing ozaona, 
rhinoscleroma, abscesses of the brain and kidney, and 
cystitis, and being frequently associated as a secondary 
infection w ith Streplococcm jmeumoniae or pyogenes in 
bronchitis and broncho-pneumonia. (Hence its oJd 
name Bac. pneumoniae.) It occasionally gives rise 
to fatal endocarditis and septicaemia. It is highly 
virulent to mice and less so to other animals. 

The capsule, which contains a specific polysaccha- 
ride (p. 48), is formed both in the tissues and in 
cultures. Growth on ordinary media is profuse and 
mucoid (i.e. semi-tluid and sticky) owing to the abun- 
dant moist capsular material. 

Proteus (Table X) 

This genus consists of higlily motile Gram -negative, 
non-sporing rods of variable length, not fermenting 
lactose, but producing acid and gas in some other 
carbohydrates, and show ing strong proteolytic activity. 

Commonly found as saprophytes in soil, water, and 
in the intestines of animals, the group interests us as 
potential causes of suppuration or intestinal irritation, 
and as providing by a curious accident of antigenic 
structure a diagnostic; reaction for typhus fever, the 
true cause of which [Rickettsia, p. 210) has no known 
connexion w ith Proteus, 

The name Proteus is derived from a supposedly 
protean morphological variability, chiefly in the 
length of the rods. The chief cultural peculiarity of 
the group is a tendency to spread rapidly (‘swarm’) 
over the surface of solid media. The annoyance of 
finding plate cultures of water or faeces spoiled in this 
way is familiar to bacteriologists. 

H and O variation of colonies. In addition to the 
spreading centres of motile or H growth, which tend to 
produce a confluent film, many cultures show circum- 
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scribed round colonies withouf any tendency to 
spread; and microscopic examination shows these to 
be non-ynoiUe or 0 variants. 

WeilFeUx test for tf/phns fever. The blood of typhus 
fever pntwnis contains ngfflutinating antibodies which 
act on the somatic antigen of certain Proteus varieties, 
])articularly one known as Proteus X 19. The non- 
niotile (O) form of the organism is used, since it is 
free from the irrelevant flagellar antigen of the H-form 
(p. 23). 

The technique of the test is the same as that of the 
Widal reaction (p. 87). In the Malay States, India, &c., 
a race known as Proteus XK has to be used, since the 
agglutinins formed in response to the local Rickettsia 
act on XK antigens only. This double identity of 
antigenic fractions in two varieties of Rickettsia and 
two of Proteus is an interesting mystery. 

The Weil-Felix reaction is positive in the vast 
majority of typlius cases after the first few days of 
illness, and negative in normal persons. A difficulty 
in the interpretation of the combined Weil-Felix and 
Widal tests, when a diagnosis between typhus and 
enteric has to be made in typhoid-inoculated persons, 
is described on j). 88 under the name* of the anamnestic 
reaction. 

Proteus infection in man is seldom primary ; that is, 
the organism is generally found in association with 
more pathogenic bacteria in suppurative conditions 
such as cystitis, peritonitis, otitis media, and in 
various forms of diarrhoea. But it has also been 
f)ccasionally reported as the primary agent in pyelo- 
nephritis and septicaemia. 

Most varieties of Proteus are pathogenic in fairly large 
doses to small animals, causing a fatal general infection 
with haemorrhagic diarrhoea and intestinal abscesses. 
The action appears to be mainly or wholly endotoxic. 



PROTEUS; PSEUDOMONAS; VIBRIO 103 

‘Morgan’s No. 1 bacillus’ is a small Gram-negative 
motile rod often found in, and probably causing, 
infantile diarrhoea. Whereas it has hitherto been 
allotted to the genus Bacterium, its recently discovered 
power of ‘swarming’ on moist agar and its possession 
of an H antigen in common with Proirus suggest its 
allocation to this genus. 

Pseudomonas 

(8yn. Bacillus pyocyaneus, lluorescens, &c.) 

This is a genus of highly motile small Gram-negative 
rods, rather like Proteus, but distinguished by the 
production of greenish or bluisli pigments. 

Only one species, Pseudomonas pyocfjanea, the mi- 
crobe of blue pus, is pathogenic; the others, which we 
may class together as Ps. fluorescens, are proteolytic 
saprophytes of water and soil. 

Pseudomonas pifocyanea (p. 101) is found in suppura- 
tive conditions of man, usually associated with other 
pyogenic organisms. It is especially common in the 
old discharging sinuses of bone disease (tuberculosis ; 
mastoiditis). The pus is pale bluish-green, and has a 
curious aroma. The organism also accurs in diarrhoea 
and dysenteric disorders, and in cystitis. It occasion- 
ally invades the blood, causing a typhoidal septi- 
caemia ; or the brain, causing meningitis. In the outer 
world it is not uncommon in soil and water contami- 
nated by excreta. The pathogenicity of the organism 
to small animals is generally similar to that of Proteus 
(p.H)2). 

The pigment consists of varying (quantities of two 
components: the non-tiuorescent greenish-blue, pyo- 
cyanin, soluble both in water and chloroform ; and 
the yellowish Jiuorescin, soluble only in water. Ps. 
fluorescens produces only the latter. 
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Vibrio 

(Asiatic Cholera) 

This genus of Gram -negative, motile, non-sporing, 
unencapsulated, curved rods contains one species of 
great importance, Vibrio cholerae, the cause of cholera. 
Very numerous saprophytic species are found in water, 
soil sewage, and in human intestines in the East. 
A few of these are supposed to be capable of causing 
severe diarrhoea (paracholera), but the question needs 
reinvestigation. Another species, Vib. nieichnikovi, 
causes a natural infection of birds. 

Vibrio cholerae 

(Koch, 1886) 

This organism is chieHy found in the excreta of per- 
sons suffering from cholera. It may also be present in 
contaminated water, soil, or sewage. 

The main characters of the organism are given on 
page 101 and Fig. 14. Its motility is due to a single 
terminal flagellum. The vibrio shows a considerable 
variation of form. In the fluid stools of cholera and 
in broth cultures of recently isolated races the charac- 
teristic short, curv ed ‘comma’ is abundant, and double- 
curved or sigmoid cells are often seen. In old cultures 
spirally twisted longer filaments are not uncommon, 
and branching Y-forms (p. 43) may sometimes be 
found. Stock laboratory races tend to lose their 
curvature and are not always easy to distinguish from 
the straight rods of Bacterium, Proteus, &c. An 
important peculiarity of the organism is its preference 
for strangly alkaline media. This is useful for isolating 
the organism from stools containing other bacteria, 
since incubation in peptone water at a pH of about 
8*5 selectively encourages the vibrio, which develops 
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both diffusely in the fluid and as a film or pellicle on 
the surface. 

The colonies on solid media cannot be distinguished 
from those of the genus Bacterium, though they tend 
to be more transparent. Old colonies and stabs in 



Fig. 14. Vibrio Choltrae 

A. Onliiiary exainiuation. 
li. StjiiiU'd for flagella. 


agar take on a brown colour ; and old growths on 
potato show yellow ish, brown, or pink pigmentation. 

Biochemical actions. The production of proteolytic 
enzymes is shown not only by the liquefaction of 
gelatin but in the vligestion of coagulated serum and 
in the peptonization of milk. Vih, cholerae produces 
acid, without gas, in a characteristic range of carbo- 
hydrates (p. 101), which greatly helps identification, 
though a few other vibrios show the same range. It 
produces indole and nitrites ; and a compound of the 
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two, niiroso-itidole, can lx.? (lonionHtrHted in 
water cultures by adding a few drops of pure HoNO 
or HCI. This is the well-known Chohm-red reuclion 
whieli, howev^er, is not sfxeifie for Vib. chohrue, hiu 
is shared with a number of paracholera and other 
vibrios. 

Haemolysis. The true Vib. c hole rue does not haemo- 
lyse red-cells, but the non-pathogenie variant known 
^ the Vibrio El Tor has this property, as also ha\ e 
many other harmless vibrios. 

Anligeyis. The Hagellar antigen of Vib. cholerae is 
not distinctive, being common to the genus Vibrio, or 
at least to a large part of it. But by means of an anti- 
somatic (O) agglutinating serum the cholera vibrio is 
sharply distinguishable from the rest, excepting El 
Tor, The 0 antigens contain specific polysaccharide 
haptens. 

Pathogenicity, toxins, d'C. The cholera vibrio causes 
fatal septicaemia in small animals when injected into 
the blood or peritoneum, and it can give rise to a 
violent cholera-like enteritis. Typical cholera in man 
has several times followed accidental laboratory 
infection, and also intentional self-infection (e.g. 
Pettenkofer and Emmerich’s attempt to disprove the 
causative character of the vibrio). 

The invasion and intoxication are attributable to 
the endotoxin, which is probably the O antigen. 

The disease in man is a violent irritative inflamma- 
tion of the intestinal tract, especially the small in- 
testine, resulting in the almost incessant discharge of 
liquid (‘rice-water’) stools containing blood and Hakes 
of mucus. Vomiting, prostration from lowered blood - 
pressure (dehydration), and other symptoms of intoxi- 
cation as often as not end in death. 

The microbe invades the mucous membrane as far 
as the submucosa, causing acute inflammation and 
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patchy necrosis. The contents of the small intestine 
sometimes yield a pure culture of the vibrio. The 
bile-passages are usually invaded, and degenerative 
changes are seen in liver, kidneys, lymph-nodes, and 
other organs, from which the organism can \ye culti- 
vated po.st mortem. Pneumonia is not uncommon. The 
blood is usually sterile, though vibrios doubtless pass 
thnnigh it from time to time. 

Routes of entri/ and spread. Entry is by the mouth. 
Although the vibrio cannot survive exposure to the 
full acidity of the gastric juice, it may slip through 
into the small intestine when swallowed with large 
(quantities of w ater, and it will find there a favourable 
alkaline medium for grow^th. Direct contact with 
the illness and the consum])ti()n of fouled water or 
food are the commonest modes of spread. In India the 
movement of bands of insanitary pilgrims are often 
accompanied by a wave of cholera, the intensity of 
which, and its spreading pow^ers, are greatly affected 
by climate, rainfall, temperature, the luimidity of the 
soil, and the prevalence of flies. 

The majority of those who recover from an attack 
ccmtinue to excrete the vibrio for some days or weeks, 
and a small proportion become chronic carriers, the 
organism continuing to propagate in the gall-bladder 
(cf. ‘Typhoid', p. 8o). Mere contact, without subse- 
quent illness, may give rise to a temporary carrier- 
state. 

Outside the human body the life of the organism is 
usually short, but it appears sometimes able to survive 
for several weeks in water. 

Specific defence. If the patient survives the first few' 
days, specific antibodies appear in the blood, demon- 
strable by agglutination and bactericidal tests (e.g. 
Pf ('Offer's reaction, p. 240). 

Prophylactic immunization of guinea-pigs by injec- 
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tion« of dead or Imng vibrios protms them from th 
relatively small dose of tiring organisms ronoirofi u 
kill a normal animal, but they can still h- kiJiod |>va 
single lethal close of endotoxin (i.e. a cnmidenibh mas^ 
of dead vibrios). This indicates that their immunity 
is antibacterial (anti-inv'asire) rather than antitoxic 
Protective inoculation of man with heat -killed vaccines 


(suspensions of vibrios), preserved with phenol, is 
widely practised in the P^ast, and statistics suggest 
that a valuable degree of protection results. Attempts 
have been made to procluce nnti-eiulotoxic serum in 
horses, but though these have a strong protective 
action on animals, their curative power is not very 
striking either in animals or man. 

Diagnosis. The presence of numerous vibrios can 
generally be detected by examination of stained Hakes 
of mucus from a ‘rice-water' stool. If the mucus has 
not been much rubbed up, the vibrios may be seen to 
be arranged in it along parallel lines like fish in a 
stream’. 

For the certain identification of the organism it 
must be isolated in pure culture by plating out on a 
suitable medium, such as Dieudonne’s, which consists 
of agar containing a boiled mixture of alkali and blood. 
If the vibrios are not profuse, previous incubation of 
the faeces in alkaline peptone water is valuable. 

The organism is identified by its cultural and bio- 
chemical characteristics, and finally by agglutination 
with a specific O serum. Pathogenicity to guinea-pigs 
by intraperitoneal injection excludes saprophytes, but 
not paracholera vibrios ; and Pfeiffer’s bacteriolytic 
test (p. 240) should be done when cpiestions of public 
health rest on the diagnosis of an isolated case. 

The serum-agglutination-test, owing to the shortness 
of the disease, first becomes positive in convalescence, 
and is therefore of very limited value in diagnosis. 
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CHAPTER VI II 

PASTEURELLA. BRUCELLA. HAEMOPHILUS 
Pasteurella 
(Plague) 

This genus consists of three species of small Gram- 
negative, non-sporing, unencapsulated, delicately 
growing parasitic rods, which give rise to serious 
generalized glandular and septicaemic infections in 
animals and man. 

(1) The first, Pasteurella pest is (the plague bacillus), 
is the only medically important member of the group. 

(2) The second, Pasteurella pseudotuberculosis (roden- 
iiu7n)y which is very mu(^h like Past, pestis, but motile 
at low temperatures (see Table XII), causes a disease 
in rodents rather like tuberculosis, and may cause error 
in the diagnosis of plague in rats. 


Table XII 

Differential cfmracters of ike Pasteurella group 


Species 


Past, pest is. 
Past, pseudo- 
tuberculosis 
{Todentium) 
Past, aviseptica, 
d:c. 


I Orou'th ! , j ' AcUli- 

I in bile \ \ fication 

salt- 1 i Lihuus ! of Sac- 

media j Indole I Motility I milk \ charose 

i ! ' - I - 1 Neutral 

-f- 1 — ! 1 I Alkii- 

i j (beloic j lliu* 

I i 

— ' -\~ ! . Neutral | f- 


Viru- 
lence for 
white rat 

0 


+ 


(3) The third species, which we may term Past, sep- 
tica, consists of a number of varieties, each adapted to 
a different animal, not including man (cf. Myc. tuber- 
culosis, p. 147), viz. Past, aviseptica, boviseptica, 
muriseptica, lepiseptica, and so on. These are also 
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termed the haemorrhagic septicaemia group, from the 
type of disease they produce. 

The chief differential characters of these three 
species arc given in Table XII, p. 110. 

Pasteurella pestis 

This species of small ovoid rods is found exclusively 
in the lesions of bubonic; and pneumonic plague of 
human beings and rodents, and in the intestines of 
rat -fleas. 

Its morphological and cuJtiavl characters (Tables XI 
and XII ; Fig. 15) are not particularly distinctive, 
but the following points assist in its identification. 
Delicate, slowish growth; ])ipolar staining (p. 17) 
and chain-formation; ploomorphism (Fig. 15) in old 
cultures : and the production of a hanging, stalactite- 
growth under a layer of butter or oil floated on broth. 
None of these features are either absolutely constant, 
or exclusively confined to Past, pestis. 

The antigens of the organism are (1) a superficial 
(cap.sular) specific antigen, on which virulence largely 
dej)ends, and (2) deeper group-component. Thus, an 
anti-plague agglutinating serum agglutinates Past, 
pestis to full titre, and the remaining species only in 
the higher serum-concentrations. Similarly, Past, 
septica and Past, pseudotnberculosis have each their 
own specific antigens in addition to the common 
component. 

Pathogenicity. Plague is primarily a disease of 
rodents. In various quarters of the globe spontaneous 
epidemics break out in rats, tarbagans, gerbilles, 
spermophiles, and ground squirrels, which act as 
reservoirs of infection for man. The disease can also 
be readily transmitted to these creatures by the in- 
jection of small quantities of the microbe in pure 
culture. Guinea-pigs, rabbits, marmots, mice, and 
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monkeys are also susceptible, but most of the larger 
animals show considerable resistance, and birds are 
completely refractory. 

Toxins are not demonstrable in culture-filtrates, but 
the dead bodies of the organisms have a strongly 



Fig. 15. Pastetirella pefitifi 

A. Bipolar-stained rods in bubo- juice con- 
taining blood-corpnscles and other cells. 

B. Chains and swollen involution-forms. 


endofoxir action on animals, causing haemorrhagit' 
necrosis at the site of injection and in various internal 
organs. 

Plague in man. From the earliest historical times 
this terrible disease has swept intermittently through 
human populations, causing incalculable misery and 
destruction. In England a series of severe epidemics 
culminated in the Black Death of the fourteenth 
century, but the disease cropped up again repeatedly 
until two hundred years ago, since when there has 
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been only one small outbreak, at Glasgow in 1900. In 
the present era it ranks as an Oriental disease. In 
India alone between 1898 and 1918 the loss of life 
from plague was estimated at half a million a year; 
a number far exceeding the world’s loss from wars and 
revolutions. 

Trnnsm.issian. It has been proved by the most 
exact experiments that Ihe infection is transferred 
from rat to man by fleas. Just as rats are said to leave 
a sinking ship, so a rat-flea will leave a dying rat, and 
if no other suitable rodent is available, it will attach 
itself to a human being. Since it s last feed consisted of 
rat -blood swarming with Past. 2}fstis, its next bite is 
likely to be fatal. The experimental proof of the role 
of the flea is of the following kind. If guinea-pigs (or 
rats) artificially infected with plague are mixed with 
healthy guinea-pigs (or rats) under conditions which 
rigidly exclude fleas, the normal animals remain 
uninfected; but on the introduction of rat-fleas the 
disease immediately spreads. Again, a wide zone of 
sticky material painted on the floor of a hut containing 
infected fleas will completely protect from infection 
a monkey placed in its cage at the centre of the zone. 
It has been shown that the microbe multiplies in the 
flea’s stomach and that the latter may still be infectious 
a fortnight after a contaminated feed. 

Apart from fleas, the infection can be transmitted 
by human or rodent excreta ; and in the pneumonic 
type it is spread direct from man to man by droplets 

(p. 6). 

Plague occurs both in sporadic and in epidemic 
form. A human epidemic is preceded by an outbreak 
amongst rodents in one of the permanent endemic 
centres of rodent- infection in Asia, California, or 
South Africa. There is evidence that the infection of 
rodents has latterly tended to increase in various 

I 
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parts of the world. In England it has never compJeteJy 
disappeared. 

Tt/x? clinical tjipes of the disease are recognized: 
Bubonic plague usually starts as a small skin-vesicle 
surrounded by a red area, very often on the leg. The 
regional lymph-nodes swell up into a large inflamma- 
tory mass, the bubo, which on section shows inflamma- 
tion, haemorrhage, and necrosis. Other groups of 
lymph-nodes, axillary, inguinal, &c., undergo secon- 
dary enlargement. The blood-stream is often inv^aded, 
and a great enlargement of the spleen and degeneration 
of the liver and kidneys give evidence of widespread 
infection. Microscopic examination of the infected 
parts shows enormous numbers of microbes, and in 
about 30 per cent, of cases they can be cultivated from 
the urine. The fatality from this form of the disease 
varies from 00 to 90 per cent, of persons attacked. 

In pneumonic plague the lesion is an acute broncho- 
pneumonia with frothy or bloody sputum fidl of Pasf. 
pest is. Recovery is exceptional. 

Immunity , prevention , and therapy. Although a cer- 
tain degree of immunity can be induced in rodents with 
killed suspensions of the organism, and although their 
blood-serum has some bactericidal, opsonic, and 
protective action, attempts to produce efficacious 
serums in large animals for human therapy or prophy- 
laxis have not been very successful. 

A greater measure of success has met the attempts 
to produce active, prophylactic immunity by inoculation 
with killed vaccines. Haffkine’s vaccine, which is the 
one most generally used, consists of 6 weeks’ old broth 
cultures heated to 65'’ C. for an hour and preserved 
with 0*5 per cent, phenol. It contains both bacterial 
bodies and endotoxins liberated by autolysis. By 
inoculation with this vaccine white mice can be com- 
pletely protected against the effects of otherwise lethal 
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doses of the living microbe. Although the value of 
prophylactic vaccination in man is disputed, the 
best available statistics point to a favourable action. 
The Indian figures up to 1916 arc shown in Table 
XIII. The duration of the increased resistance follow- 
ing vaccination probably does not exceed a few' 
months. 


Table XIII 

Protective inoculation against plague in India up to 1916 


Vopnlaiiun j So. of i 

at j plai/ue 

risk I cases 

riiinoculatvd 3, 230, (KM) ! 50,50)) 

liioculatod 1,040,000 | 4,100 


Plague \ So. of Plague : Per cent, 

cases I deaths : deaths ! surcu'ors 

per I frmn per i from 

1,0(M) ' plague 1,(K)0 attacks 


18 . 50,700 15 ! 15 

2 1,000 0-8 01 


It is likely that the eflicacy both of vaccines and 
anti-serums may be improved by greater efforts to 
preserve the labile capsular antigen in the suspensions 
used. 

General prophglactic measures. Any attempts to 
exterminate rats under present circumstances would 
be doomed to failure, but the spread of infection can 
be greatly diminished by attention to personal and 
domestic hygiene, house construction, and refuse dis- 
posal ; in fact by all measures w hich tend to reduce the 
intimacy of contact between rodent and man. 

In pneumonic plague the same prophylactic measures 
are applicable as in other droplet-spread diseases : dis- 
infection of sputum, isolation of contacts, and the 
prevention of droplet infection of doctors and atten- 
dants by the wearing of gauze and w ool masks. 

Diagnosis. In the bubonic type the microbe is de- 
tected microscopically in juice obtained from the bubo 
or primary vesicle by needle -puncture, and is identified 
by cultivation followed by the agglutination-test with 



116 PASTEURELLA. BRUCELLA. HAEMOPHILUS 

specific serum. Another quick method is the direct 
inoculation of a healthy rat or guinea-pig with fluid 
from the bubo. 

The pneumonic type is diagnosed by making Gram- 
stained preparations of the sputum, and by injecting 
a small quantity into a guinea-pig. Lung-puncture 
may be necessary if there is no sputum. Blood-culture 
is often negative in the earlier stages, but generally 
succeeds when the illness is well developed. l3iagnosis 
after death, which may be necessary on public health 
grounds, can be done without an autopsy by aseptic 
puncture of the spleen and cultivation or inject ion into 
animals of the material obtained. 

The identification of the organism in infecU^d 
rodents, living or dead, follows the same principles, but 
in the final serological identification it must not be 
forgotten that agglutinating .serum for Past, pest is 
often has a considerable action also on Past, pseudo- 
tuberculosis. Absorption and virulence tests may 
therefore be necessary. 

Brccella 

(Mediterranean and 'abortus' fevers) 

This group or genus consists of small Gram-negative, 
non-sporing, unencap.sulated, coccoid rods, which 
grow rather weakly on ordinary media and do not 
ferment any carbohydrates. 

By far the most important species are Brucella 
melitensis, the cau.se of undulant Mediterranean or 
Malta fever, and the closely related Brucella abortus 
which is found in contagious abortion of cattle and 
swine, and in the comparatively rare undulant 
‘abortus’ fever of man. On rather uncertain grounds, 
we include in the genus Br. b ranch isepticu, a motile, 
alkali-producing rod, much like the others in form 
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and growth, which is found in catarrh and broncho- 
pneumonia of dogs, chiefly following distemper; and 
Br. tularensis, the cause of ‘tularaemia,’ a plague-like 
disease first observed in ground-squirrels in Tulare, 
California, w^hich is transmitted to man by various 
wild ro<lents in America and E. Europe. 

Brucella melitensis and Brucella abortus 

The general characters of these two organisms 
are mainly of a negative type (Table XI p. 109). 

Although the average shape of the cell is that of 
a short ovoid rod about 1/x long and 0*5/x broad, 
coccoid forms are so eommon that Br. meMlensis used 
to be classed as a micrococcus. A peculiarity of the 
majority of races of Br. abortus from cow’s and man 
(not those from swine) is that on primary isolation 
they will only grow if 5 to 10 per cent, of COg is added 
to the air in the culture tube. Later on they usually 
adapt themselves to growth without COg. 

On agar rather small, greyish white, round, smooth, 
semi-transparent colonies develop in about 48 hours. 
Old growths tend to develop a brownish colour. 

In broth there is feeble turbidity in 24 hours, but 
in a week or 10 days a dense culture develops, with 
a tenacious, ropy deposit and a strongly alkaline 
reaction. 

Oji potato old cultures turn a deep chocolate-brow n 
(cf. Pfeifferella, p. 140). In fermentation-tests, which 
are all negative, slight alkalinity may be produced by 
the ammoniaeal decomposition of peptones, &c., and 
the same process occurs regularly in milk. No indole 
is produced in peptone-water. The abortus type pro- 
duces HgS ; the melitensis type does not. 

Antigenic structure. The agglutination-test is the 
best means we have of identification. Each species 
has two specific smooth-phase antigens (M and A, 
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Table XIV), present in each in different proportions. 
A serum made with a fresh strain of either species 
agglutinates that species to full titre, and the other 
to a lower titre. Long cultivated strains lose the M 
and A antigens, and show only a common rough 
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A. lirucfUa (mehtevfiiH or aborins). 
li. Haemophilus influenzae. 

('. Haemophilus pertussis. 


antigen. The so-called paramelitensis and para- 
abortus strains are in this state. 

Pathogenic it If : toxins. Just as c/tttJe and swine, are 
the reservoir for Br. abortus infection in man, so the 
goat stands in relation to Mediterranean fever. This 
animal suffers from a natural septicaemic infection 
with Br. melitensis, which is excreted in large numbers 
in its milk during and often long after an attack. 
Br. abortus infection occurs also in horses, dogs, sheep, 
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goats, and rats. Both Brucellae are experimentally 
pathogenic to guinea-pigs, rabbits, and monkeys. To 
monkeys and man Br. mdhemis is the more virulent 
of the two. Thus Mediterranean fever is a more serious 
illness than ‘abortus’ fever, and Br, melitensis is the more 
dangerous to handle in the laboratory, where a num- 
ber of accidental infections with pure cultures have 
been recorded. 

Table XIV 

AiitUjenic structure and varUition of 
Brucella 

\ Thermo-aggluituabUitu , Antigens 

1‘fiase 1(00 ’ ('. 00 ruins, saltne suspension) .Melitensis Abortus 

Smoot li 1 0 i M( 'A) A( • M) 

^ 

Koujih i Jl 

' or para-ulK)rtu» 


Channels of infection. Both these fevers are mainly 
milk-horne infections : the Mediterranean variety being 
transmitted by goats’ milk; abortus’ fever by the 
milk of cows. In Kurope, the U.S.A., and elsewhere, 
mi Iking- herds are infected with Br. abortus, about 
20 per cent, of the cows ext reting the organism in their 
milk. This being so, it follows that the natural 
immunity f>f man must be very high. Apart from the 
consumption of milk, intimate contact with infected 
animals (including swine) is an occasional cause of 
infection. Moreover, it has l)een shown that herds- 
men, veterinary surgeons, and niilkers give an unduly 
high percentage of positive agglutination-tests against 
Br. abortus, which may l)t‘ taken as evidence of sub- 
infection (p. 9). Goat- herds are similarly exposed to 
infection and subinfection with Br. melitensis. The 
microbe may be cultivated from dung or dust in the 
neighbourhood of stables. Although human carriers 
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are not uncommon and may occasionally transmit 
infection by their urine, &c., they are not an important 
source of epidemic spread. 

The disease in man. Mediterranean fever which is 
especially prevalent in Malta, but occurs in many 
countries with warm climates, is a septicatmiia with 
inflammatory enlargement of the spleen, liver, and 
lymph-nodes, and often effusions into the serous 
cavities and joints. The fever comes and goes in 
undulations lasting 1 to 3 weeks. 

The microbe is usually to be found in the blood, and 
is excreted intermittently in the urine. Isolated 
abscesses in bones and other parts are an occasional 
late result of spread through the blood. Though the 
mortality is seldom high (about 2 j)er cent.) the illness 
often lasts for many months with alternate remissions 
and exacerbations. 

Undulant ^abortus' fever is of precisely the same 
nature, though generally milder and seldom fatal. It 
may be very hard to distinguish clinically from relaps- 
ing enteric fever. Infection during pregnancy may 
give rise to abortion. 

The toxins of tlie Brucellae are so far as we know 
entirely intracellular. The production of agglutinating, 
opsonic, and complement-fixing antibodies follows the 
usual course during the illness, but the microbe is 
evidently able to resist destruction until a succession 
of relapses has raised the immunity mechanism to a 
high degree of efficiency (p. 235). 

In Brucella infections a state of hypersensitiveness 
to the endotoxin of the organism is developed, as can 
be shown by the intracutaneous injection of ‘melitin’ 
or ‘brucellin’ preparations, analogous to tuberculin 
(p. 148). The test, however, cannot be relied on for 
diagnosis. 

Active and ^passive immunization in the form of pro- 
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phylactic and therapeutic serums and vaccines are 
of doubtful efficacy. 

Diagnosis, The agglutination -test of the patient’s 
serum with killed suspensions of Br. raelitensis or 
abortus, or both, according to the locality and the 
history of the case, usually reveals the nature of the 
infection. In both illnesses the serum agglutinates 
both suspensions ; but the infecting organism usually 
shows the higher titre, if the testis properly performed. 
The titre ranges from 1 in 50 to 1 in several thousands 
according to the stage of the illness : whereas normal 
persons and enteric fever patients seldom give a 
reaction at I in 25. 

Blood culture is successful in the great majority of 
cases in the early stages, and often throughout the 
illness. In ‘abortus’ fever, cultivation must be done in 
an atmosphere containing CO 2 (see p. 117). Aseptic 
spleen-puncture is sometimes performed when the 
blood-culture is unsuccmsful, or when a post-mortem 
diagnosis without a full autopsy is desirable. The 
organism is identitied by cultural and agglutination 
tests. 

Cultivation from the urine, by plating on agar en- 
riched with glucose, &c., is also useful. The colonies 
may take several days to develop. 

Diagnosis ifi animals (goats, cows, &c.) is usually 
made by bacteriological examination of the milk ; by 
injecting it into guinea-pigs ; and by testing its agglu- 
tinating-powers on the microbe. Blood-culture and 
blood- agglutination tests may also be done. 

HAEMOPraLUS a7id sijuilar organisms 

(Catarrhy whooping-cough, conjunctivitis, soft sore) 

This is a rather mixed group of tiny Gram -negative, 
non-motile, non-sporing, unencapsulated rods, which 
require or prefer blood or its derivatives for their full 
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development in culture, and are mostly iburui in 
respiratory infections. 

The most important sja^cies are (1) Haemophilu,^ 
influenzae (ITciffcr’s bacillus) and (2) Ilaenujphiliis per. 
tussis (Bordetd^engou bacillus of whooping-cough). 
The group also includes JI . ducreyi (Ducrey's bac illus) 
of ‘soft sore’ or chancroid, an uncommon venereal 
disease; and the ‘Morax-Axcnteld bacillus’ {//. lacu- 
natus) of subacute conjuctivitis. Both these need or 
prefer blood-media, and are distinguishable from 
H. pertussis: and //. influenzae by morphological 
cultural and serological tests. 

Haemophilus influenzae 

This organism occurs chiefly in catarrhal conditions 
of the air-passages, such as colds, infiuenza, chronic 
pharyngitis, and broncho-pneumonia. It can also be 
found in small numbers in many healthy throats. In 
spite of its name it can no longer claim to be the 
cause of influenza, which is due tcj a virus (p. 220). 

Its mo.st out.standing charac‘ters (p. 109, and Fig. 10) 
are its minutene.ss and its inability to multiply without 
accessory growth-factors derived from haemoglobin 
or c*ertain vegetable ti.ssucvs. In sputum and young 
cultures the average <*c*ll length may be no more than 
0*5 /X, but longer rods and even long unsegmente<l 
threads are to be seen in most cailtures. Some variant 
races, espiadally tho.se originating from eases of 
‘influenzal’ meningitis, consi.st chiefly of the filamen- 
tous form. 

The accessory groicth- promoting substance, which 
must be added to agar to obtain a growth of H. in- 
fluenzae has been shown to consist of two fractions: 

(1) The V factor, analogous to but not identical with 
vitamin C. This is destructible at 120° C., and obtain- 
able from blood, vegetable cells, yeast, and bacteria. 
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(2) The X factor. A heat-resistant derivative of 
haemoglobin ; but also present in certain animal and 
plant tissues (e.g. potato). The haematin in lieated 
blood is active, whereas fresh haemoglobin is not. 

The synthesis of the V" factor by various V)aeteria is 
shown by the increase of growth of //. influenzae on 
platings near colonies of other bacteria. As regards the 
X substance, it seems to be a catalase which protects 
the microbe against the HgOo formed during growth. 
One of the best media is that of Fildes, in which a clear 
peptic digest of blood, previously prepared in bulk, 
is added to agar as desired. 

The colonies, which appear in 24 hours, are small, 
transparent, circular, and flat , reaching 3 mrn. diameter 
on a good medium. Rough colonies with wrinkled 
surface and serrated edge are met with in old cultures. 

Liquid media are not much u.sed : but fairly profuse 
growth takes place in blood- broth if good, aeration is 
arranged for by putting only small quantities of 
medium in each tube. 

Biochemical actions. Various carbohydrates, when 
added to a suitable liquid medium, are acidified with- 
out gas production. Some races produce indole, others 
none. 

Antigenicallg, the species is exceedingly complex; 
the varying combination of numerous diverse antigens 
in the different races makes effective serological classi- 
fication impo.ssible. It has, however, recently been 
claimed that the majority of strains isolated are 
commensal rough forms, and that the true pathogens 
form very smooth, mucoid colonies, are capsulat/cd, 
and much more homogeneoiis antigenically. All this, 
however, needs confirmation. 

Pathogen icity ; toxins: lesions, II, i nflue7izae is neither 
naturally nor experimentally vir\ilent to domestic and 
laboratory animals ; though if injected in large doses 
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^tanhal infect ton can he induced in man a.„l ' 

by spraying the thixMt with pure oulturps . buf neiiJw 
the eymptoma nor the bloofl- changes are clmrac b risli, 
of infftienza. In the natural human infection, whether 
acting alone or in conjunction with pyogenie < 0 . ei nr 
vinises, //. injluenzfie caiiHon an acuto catarrhal and 
suppurative inflammation, usually in the naso. 
pharynx, bronchial trf‘o, and lun^s. It occurs alsf) as 
an ooeasional cause of otitis mevlia. nasal sinusitis, 
un^thritis, prostatitis, arthritis, mc'nin^itis. tuidotar 
ditis, and other a<‘Utely inflarnrnaforv conditions, often 
in conjunction with othc^r jiyogenic lmctc*ria. 

'Para-influenza hicilli is a firovisjonaJ name for 
various incompletely invc\stigat<K] organisms, mostly 
from the human thremt, which differ from //. influenza^ 
chiefly in Ixung able to grow without the X factor, 
though they cannot do without the substance. 


Haemophilus pertussis 

( \ Vh(X)pi ng-coiujh ) 

This tiny ovoid, rcxl-shafK‘d organism is found 
exclusiv’ely in the muco-piirulent exudate of the upper 
air-passages in uncomplicated whooping-cough, anci in 
the broncho-pneumonic lung-lesions which so often 
complicate the illness. It is seldom, if ever, to be 
found in healthy human throats, and it has never been 
isolated from animals or from the outside world. 

The organism bears a general resemblance to //. 
influenzae (Table XI, p. 109), but is readily distinguish- 
able by cultural tests. 

Morphologically it is a rather stouter and nwre 
definitely ovoid cell. On primary isolation, it shows 
many diplo-forms like tiny pneumococci. In young 
cultures unsegmented filaments are seldom seen. 

For cultivation a rich medium, preferably containing 
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fresh blood, is needed at first. The bkxKl- potato-agar 
t)f Bordet, rich in animal and vegetable growth-pro- 
moting substances, is by far the best for primary 
isolation, but the organism will also develop on serum- 
agar, heated blood-agar, or serurn-brotli. After some 
generations on serum-media it can be induced to grow 
on simple agar and broth. Development is characteri- 
stically slow ; two days are required for the appearance 
of a delicate transparent film or tiny, hardly visible 
colonies, but on the 3rd and 4th days the growth on 
Bordet’s incHlium takes its characteristic^ form either 
as a whitish film with a dull metallic‘ lustre like 
aluininium paint, or as isolated colonies which vary in 
size from pin-point to large ))in-head, and have a very 
characteristic sheeyiy standing up from the surface of the 
medium like half -pearls or droplets of mercury. (Con- 
trast //. influenzae^ p. 123.) 

The biochemical actions of the organism are difficult 
to determine and of a generally negative character. 
No fermcmtaticm of carbohydratc\s, no indole-produc- 
tion, and no liquefaction of gcdatin. 

Its serological characters and action on animals are 
connoctc^d in a very interc*sting way with its cultural 
peculiarities. Freshly iscdated cultures, c^r cultures 
grown exclusively on blood-media, are toxic to guinea- 
pigs ; an intraperitoncml dose cffi about 2 mg. of moist 
culture, alive or killed, being fatal in about 4K hours. 
On tlie c;ontrary , old st rains on egg or agar are generally 
non-toxic. 

This change, which results from cultivation, is 
accompanied by a profound antigenic alteration. The 
main antigen of the freshly i.solated culture is lost, 
and a series of other antigens takes its place. The 
change corresponds to the smooth-rough variation of 
other bacteria, though in //. pertussis the usual colony- 
differences are difficult to make out. 



124 PASTEURELLA* BRUCELLA. HAEMOPHlLts 

it exerts a considorabJe endotoxic action. A ft hriio 
catarrhal infection can be induces! in man and nionktn s 
by spraying the throaf u ith pure cultures ; but neither 
the symptoms nor the hlocxl-changes are characteristic 
of influenza. In the natural human infection, whether 
acting alone or in conjunction with pyogenic cocci or 
viruses, //. infiuenzae causes an acute catarrhal and 
suppurative inflammation, usually in the naso- 
pharynx, bronchial tree, and lungs. It occurs also as 
an occasional cause of otitis media, nasal sinusitis, 
urethritis, prostatitis, arthritis, meningitis, endocar- 
ditis, and other acutely inflammatory conditions, often 
in conjunction with other pyogenic bacteria. 

'Para-influenza baeilir is a provisional name for 
various incompletely investigated organisms, mostly 
from the human throat, which differ from //. infliienzar 
chiefly in being able to grow without the X factor, 
though they cannot do without the substance. 

Haemophilus pertussis 

( W h(x>piy}<j-coii(jh) 

This tiny ovoid, rod-shaped organism is found 
exclusiv ely in the muco-purulent exudate of the upper 
air-passages in uncomplicated whooping-cough, and in 
the broncho-pneumonic lung-lesions which so often 
complicate the illness. It is seldom, if ever, to be 
found in healthy human throats, and it has never been 
isolated from animals or from the outside world. 

The organism bears a general resemblance to II. 
influenzae (Table XI, j). 109), but is readily distinguish- 
able by cultural tests. 

Morphologically it is a rather stouter and more 
definitely oroid cell. On primary isolation, it shows 
many diplo-forms like tiny pneumococci. In young 
cultures unsegmente<l filaments are seldom seen. 

For cultivation a rich medium, preferably containing 
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fresh blood, is needed at first. The blood -potato -agar 
of Bordet, rich in animal and vegetable growth-pro- 
moting substances, is by far the best for primary 
isolation, but the organism will also develop on serum- 
agar, heatiid blood-agar, or serum-broth. After some 
generations on serum -media it can be induced to grow 
on simple agar and broth. Development is characteri- 
stically slow ; two days are required for the appearance 
of a delicate transparent film or tiny, hardly visible 
(‘olonies, but on the 3rd and 4th days the growth on 
Bordet's medium takes its characteristic form either 
as a whitish film with a dull metallic lustre like 
aluminium paint, or a.s isolated colonies which vary in 
size from pin-point to large pin -head, and have a very 
characteristic sheen, standing up from the surface of the 
medium like half-pearls or droplets of mercury. (Con- 
trast II. influenzae, j). 123.) 

The biochemical actions of the organi.sm are difficult 
to determine and of a generally negative character. 
Xo fermentation of carbohydrates, no indole-produc- 
tion, and no li(|uefaction of gelatin. 

Its serological characters and action on anirmls are 
connected in a very interesting way with its cultural 
peculiarities. Freshly isolated cultures, or cultures 
grown exclusively on blood-media, arc toxic to guinea- 
pigs ; an intraperitoneal dose of about 2 mg. of moist 
culture, alive or killed, being fatal in about 48 hours. 
On the contrary, old strains on egg or agar are generally 
non-toxic. 

This change, which results from cidtivation, is 
accompanied by a profound antigenic alteration. The 
main antigen of the freshly isolateil culture is lost, 
and a series of other antigens takes its place. The 
change (iorresponds to the smooth -rough variation of 
other bacteria, though in II. pertussis the usual colony- 
differences are difficult to make out. 
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Pathogenic action on man. The proof that H. pertus- 
sis is the true cause of whooping-cough, which is still 
disputed by a few authorities, rests on the following 
grounds : 

(1) The organism is to be found in the great majority 
of cases of whooping-cough in the early stages, and 
there is good reason to believe that it could invariably 
be detected by sufficiently careful examination. 

(2) It does not occur in healthy persons, nor in 
catarrhal states unconnected with whooping-cough 
(contrast H. influenzae, p. 122). Only two exceptions 
to this rule are on record, in spite of very numerous 
searches. 

(3) A disease with all the symptoms of whooping- 
cough has been transmitted both to monkeys and man 
by means of pure cultures, and the microbe has been 
recovered from the lesions. 

(4) In the majority of cases specific antibodies to 
H. pertussis can be detected in the blood-serum by the 
complement-fixation test at a late stage of the illness. 

The lesion is a superficial inflammation of the 
tracheal and bronchial mucous membrane, with minute 
areas of necrosis and ulceration. A downward spread 
of the infection may give rise to pcri-bronchiolar 
inflammation and patchy broncho-pneumonia in 
which other bacteria, especially H. influenzae, may 
take part. No general invasion of the body occurs, but 
various nervous and other symptoms suggest the 
absorption of endotoxin. 

The simple uncomplicated disease is hardly ever 
fatal, though it often leaves prolonged debility in its 
train. But the pneumonic complications cause a very 
high mortality in the poorer sections of the population. 

Diagnosis. This is best made by the 'cough-droplet' 
method. Petri-dishes of Bordet’s potato-blood medium 
are taken to the bedside, and the nurse or mother 
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exposes them for 5 or 10 seconds each in front of the 
patient’s mouth during a natural attack of coughing. 
They are then returned to the laboratory, incubated 
for 3 days and examined with a hand lens for the 
characteristic ‘mercury-droplet’ colonies. A Gram- 
stained film for morphology completes the test. In 
the first two weeks of the cough, usually before the 
whoop has developed, the test is positive in at least 
3 out of 4 cases. Later on the organisms become fewer 
and fewer, and after the 5th or 6th week they can 
never be isolated. 

If the cough-droplet method cannot be used, plating 
out of sputum on Bordet’s medium gives fair results. 

Immunization. Danish and American authors have 
produced evidence that large doses of ‘smooth’ vaccine 
have a considerable protective action again.st whooping- 
cough ; but a more complete statistical proof is recpiired. 
There is also some evidence that the serum of con- 
valescents has a short prophylactic effect. Treatment 
of the established disease with serums and vaccines is 
ineffective. 



CHA1»TKK IX 


CORYNEBACTERIUM (DIPHTHERIA) ; 
PFEIFFERELLA {fJLAxXDER.S AND 
MELIOIDOSIS) 

< <>KVNKBA(TKRII M 

Thk Corynebacteria are (tram-jK)sitiv(\ iioii-niotilo, 
non-aporing, unencapaulated, aerobic nwla of distinc- 
tive form. The genus comprises the important (\ 
diphtheriaey a number of saprophytic ‘diphtheroid 
bacilli’ and a few species that cause disease in animals 
(C. pseudotuherculoms murium and avium). 

Corynebacterium diphtheriae 

(Bacillus diphtheriae. Klcbs 1883, Loeffler 1884) 

This is a pure parasite, found only in the nose and 
throat of cases or carriers of diphtheria and occasion- 
ally in infected wounds. Its main characters are shown 
in Table XV, p. 145, and Fig. 17. Certain distinctive, 
though variable, morphological features should be 
noted, viz. (1) Irregularly swollen and club-shaped 
cells. (2) Uneven staining, giving a cross- banded 
appearance. (3) Met achromatic granules (p. 20), 
especially at the poles. (4) Fission at first incomplete, 
the two cells remaining attached at an angle. Stained 
preparations show' a palisade -arrangement’ remini- 
scent of Chinese writing. 

The average size of the cells is from 2 to 4 /x by 0*3 
to 0*8 /X. The characteristic granules are well shown by 
Neisser's stain, w hich consists of a very short exposure 
to a blue dye follow'ed by rapid treatment w ith a browm 
or pink stain. The granules show' up purplish-blue in a 
brown or pink-tinged protoplasm. An equally effective 
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and quicker method is to examine the bacteria in a 
wet film of Bie’s acid methylene-blue stain. True 
branching (Y forms, p. 43), which was first demon- 
strated in this species, is to be seen in some cultures. 
Cultivation. Good growth occurs in 24 hours on 



Fio. 17. Corynebacterium diphtheriae 
and Diphtlieroids. 

A. C. diphtheriae. B. C. diphtheriae, showing granules; also 
bands and clubs (Involution-fomi). V. Diphtheroid (Hofmann 
type). 1). Diphtheroid very like C. diphtheriae. 

coagidated serum. On agar it is much poorer. In broth 
there is turbidity and deposit in 24 hours, and a thick 
surface growth or pellicle forms after a few days. The 
colonies on coagulated serum in 24 hours are small 
(1 mm.), greyish- or yellowish-white, smooth, moist, 
and circular. Older colonies are larger, yellower, and 
bossed in the centre like a poached egg. In some old 
stock cultures of rough colonies (p. 44) may be seen. 

Biochemical action. In carbohydrate media enriched 
K 
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with serum the non -gaseous fermentation of glucose, 
maltose, and dextrin, and the absence of action on 
lactose, saccharose, and mannitol, distinguish C. 
diphtheriae from the diphtheroids, none of which show 
precisely this range of activity. 

Three epidemiological types, are now recognized: 
‘gravis’, ‘intermediate’, and ‘mitis’. The first two, and 
especially ‘gravis’, are the most virulent, while infec- 
tion with ‘mitis’ is generally mild. All three produce 
the same toxin, but the more virulent types do not 
necessarily produce the most toxin, since virulence is 
also determined by resistance to phagocytosis, growth- 
rate in vivo, and other unknown factors. The three 
types can be distinguished by the characters of their 
growth on a blood- tellurite-agar medium and in broth, 
and by differences of fermenting power (e.g. ‘gravis’ 
ferments starch). 

Antigens. Agglutination tests do not reveal any 
relationship between the types or between C. diph- 
theriae and the other Corynebacteria. The types 
themselves are not serologically uniform, since each 
comprises a number of antigenic sub-types. 

Pathogenicity . The injection of cultures or culture- 
filtrates (toxin) into guinea-pigs and rabbits causes 
local necrotic inflammation and rapid death from in- 
toxication. Congestion, cloudy swelling, and haemor- 
rhages are fdund in the internal organs (liver, kidneys, 
and especially suprarenal glands,) and effusions occur 
in the serous cavities. Dogs, cats, horses, and various 
birds are moderately susceptible to experimental 
infection ; rodents are highly resistant. The only ani- 
mals known to contract infection by natural means are 
COW'S and fowls. The former are sometimes infected on 
the udder w hen milked by a human diphtheria- carrier ; 
the latter occasionally suffer from true diphtheria of 
the throat, which must not be confused with the far 
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commoner ‘fowl diphtheria’ caused by an ultra-micro- 
scopic virus. 

Diphtheria in man begins as an acute inflammation 
and ulceration of the faucial or nasal mucosa. A ‘false 
membrane’, consisting of necrosed tissue, fibrin, 
polymorphonuclear leucocytes and bacteria, forms on 
the raw surface. The absorption of toxin from the 
local lesion causes degeneration of the cells of paren- 
chymatous organs, of nerve cells and muscle fibres, 
which results in organic disturbances and partial 
paralysis. The invasion is nearly always limited 
to the local lesion ; the blood remains sterile, but 
contains toxin, which causes the general symptoms. 

l^he toxin. This is a typical exotoxin (p. 49), which 
is obtained by filtering a ten-days’ broth culture. It 
may be so powerful that one c.cm. will kill five hundred 
guinea-pigs (M.L.D. 0-002 c.cm.). The toxin slowly 
loses its strength on storing, and rapidly when heated 
to 60“ C. or over. A similar detoxication is effected by 
the slow action of weak formalin (3 to 4 per cent, for 
a month). The resulting substance, called toxoid or 
anatoxin, is harmless to animals but retains its anti- 
genic power and its combining affinity with antitoxin. 
The importance of this fact w ill be seen later (p. 49). 

Antitoxin. The antigenic property of toxin is shown 
by its power of causing the production of antitoxin in 
animals. This process occirrs also in the natural disease 
in man and is the main factor in recovery and subse- 
quent immunity to infection. The classical experi- 
ments of von Behring (1890) proved that animals 
injected with virulent C. diphtheriae, or with its toxin, 
could be saved by the injection of the blood-serum of 
animals previously immunized by a course of toxin- 
injections. 

For the treatment and prevention of human diph- 
theria antitoxic serum is made in horses (but see p. 242). 
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Its potency is measured in antitoxin-units, according,' 
to the following principles : — 

The antitoxin-unit was originally defined by Ehrlich 
as the least quantity of serum which, when mixed with 
100 minimal lethal doses of a particular, arbitrarily 
chosen batch of toxin and injected into guinea-pigs of 
250 gm. weight, saves them from dying within 3 to 4 
days. Thus, if the requisite amount is 0*01 c.cm. the 
serum is said to contain 100 units per c.cm. and so on. 

In order to have a permanent standard -materia I 
with which to estimate a succession of batches of anti- 
toxin, the toxin was dried and preserved in vacuo. 
But after a time it was found to be losing strength 
even under these conditions, and so another means of 
maintaining the standard had to be sought. The 
problem was eventually solved by drying and preserv- 
ing a batch of antitoxic-serum which had been stan- 
dardized against the original toxin. This w as found to 
be perfectly stable over long periods. To standardize 
a new batch of antitoxin, some of the standard dried 
antitoxin was redissolved and a comparative series of 
protection-tests was done w ith (a) the new serum and 
(6) the standard serum, using any toxin of adequate 
strength. The potency of the new^ serum was thus 
found by direct comparison with the standard. When 
the original batch of standard serum was running out 
a new batch was standardized against it, dried and 
preserved as standard, and so on. This is the method 
in use at the present time. 

The actual test of a new antitoxin is done by first 
finding how much toxin has to be added to one unit of 
standard antitoxin in order just to kill the animal. 
This is called the Lt (Limes totlich) or often Lf dose. 
Then this dose of toxin is mixed with graded quanti- 
ties of the new antitoxin and injected into guinea-pigs. 
The greatest quantity of serum that can be added 
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without preventing death in 4 to 5 days is clearly the 
equivalent of one standard antitoxin unit. 

Nowadays serum containing 800 to 1,000 units per 
o.cm. is commonly produced ; and it can also be greatly 
concentrated by the chemical removal of a great part 
of the therapeutically useless proteins, which are re- 
sponsible for the not infrequent ‘serum sickness’ 
following antitoxin treatment (p. 253). 

Bomefa intracutaneous method. New serums can 
also be standardized by making use of the local inflam- 
matory and necrotic action of minute doses of toxin 
injected into the skin. The protective power of a new 
antitoxin is compared with that of the standard by 
mixing graded quant iti(?s of each with the toxin before 
injection. A considerable number of injections can be 
made in a single guinea-pig, which is a great economy. 
The method tends to replace the older one in aU titra- 
tions except the final potency measurement of a serum 
for public use, for w hich the old method is considered 
safer. 

Finally, there is the in vitro (test-tube) flocculation 
test (see p. 50) by which the potency of antitoxin can 
be measured with considerable precision. Its results 
do not, however, tally exactly with those of the animal 
tests, since a slightly different set of factors is involved. 

Avidity, The theory of toxin -antitoxin-combination 
is considered elsewhere (p. 242). Some specimens of 
antitoxin combine so loosely with toxin that the com- 
pound dissociates on dilution, setting free some of the 
toxin. Such specimens are described as having a low 
‘avidity’, and are nowadays rejected as unsuitable for 
therapeutic use. 

Skin sensitivity. The Schick test. The skin of some 
adults and most children reacts to the intracutaneous 
injection of minute doses of diphtheria toxin (about 
1/50 of the M.L.D. for a guinea-pig), by the formation 
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of a swollen reddish patch within 24 to 48 hours. This 
is called a positive Schick reaction (after its inventor), 
and may be taken, with certain reservations, as an 
index of susceptibility to diphtheria. The reaction is 
negative in about 80 per cent, of adults and in a fair 
number of children, and experience has shown that 
a Schick-negative individual is practically immune 
from diphtheria. It is a curious fact that about 80 per 
cent, of new-born babies give a negative reaction and 
are hardly ever attacked by diphtheria until their re- 
action changes to positive, as it usually does in a few 
weeks’ time. A ^positive reaction appears to depend on 
the following factors: 

(1) Natural sensitiveness of the skin to the toxin. 
This is absent in most infants, but develops with 
age (cf. p. 62). The skin of new-born rabbits is 
similarly insensitive to various toxins which 
cause a brisk reaction in the adult animal. 

(2) Absence of appreciable antitoxin in the blood. 

A negative reaction is given by ( 1 ) naturally insensi- 
tive infants and (2) individuals with a few hundredths 
of a unit or more of antitoxin per c.cin. in their serum. 

Antitoxin is acquired as the result of an attack of 
diphtheria, or of a subinfection. Some new-born 
infants possess a little, having acquired it from their 
mother’s blood and milk. The Schick-negative class, 
therefore, wdll include both infants who are naturally 
immune or have inherited some antitoxin, and adults 
who have acquired immunity cither (a) by passing 
through an attack of diphtheria, of (6) by living long 
enough to be sufficiently exposed to subinfection. The 
longer the person has lived, the more likely his reaction 
is to be negative. The more ho has lived in crowded 
districts, e.g. town-slums, the sooner will he acquire 
a negative reaction by subinfection. 
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A slight difficulty arises in practice owing to the 
‘pseudo-reaction’ caused in some individuals by the 
irritating non-specific ingredients of the toxin-solution. 
To avoid mistakes on this count a control test is usually 
done on another part of the skin with heated toxin, 
which contains all the non-specific matter but no 
active toxin. 

The practical importance of the test is that it en- 
ables us to determine whether a person is susceptible to 
diphtheria. If he is Schick-positive, i.e. susceptible, 
and is likely to be exposed to infection, some immuniz- 
ing process (see Vielow) may be desirable. 

Chmineh of infection. Direct droplet-infection from 
cases of the disease or carriers of virulent C.di phtheriae 
is the commonest mode of spread. The only other 
important vehicle is milk, which becomes contaminated 
by a carrier or from diphtheritic ulcers on the cow's 
udder. 

Diagnosis. This depends on identifying C. diph- 
theriae in cultures made from swabs applied to the 
lesions in the throat or nose. If membrane is present, 
a fragment may be removed with forceps. The swab 
or piece of membrane (previously washed) is streaked 
on the surface of coagulated serum, which is incubated 
for a night. Dry films are made from the mixed growth 
and also from the material on the swab, and are 
stained both with Loefficr's methylene blue and by 
Neisser’s method, to show the metachromatic granules. 
The presence of characteristic bacteria establishes a 
high degree of probability that tlie case is one of 
diphtheria ; and if the clinical symptoms agree, it can 
be taken as diagnostic. But in doubtful cases, in 
carriers, and in swabs from the nose, where diphthe- 
roid bacilli are especially common, a pure culture 
should bo obtained by plating out, and the fermenta- 
tion-reactions should be investigated. If the organism 
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ferments glucose and is negative in saccharose it is 
presumably C. diphtheriae; and all that remains is to 
prove it virulent. For the virulence test 0*2 c.cm. of a 
fairly dense suspension is injected intracutaneously 
into two guinea-pigs, one of which has been immunized 
the day before by the injection of some 500 units of 
antitoxin. Virulent cultures cause an acute local 
inflammation, with or without necrosis, in the un- 
protected, but not in the immunized animal. 

Carriers. Both convalescents and liealthy persons 
w^ho have been in contact with cases, may harbour 
virulent C. diphtheriae. Chronic carriers are, with few 
exceptions, Schick-negative. Their antitoxin protects 
them from invasion by their own microbe. Carriers 
of avirulent strains are harmless, but an attempt should 
be made to cure j>ersistent virulent carriers by measures 
such as the surgical correction of abnormalities of the 
nose and throat. 

Protective inoculation, (a) Passive hrununization . 
The resistance of individuals or small communities 
to diphtheria can be greatly increased in an emergency 
by the prophylactic injection of antitoxin. But this 
passive immunity lasts only a week or two, since the 
antitoxin is soon destroyed or excreted. So long, how- 
ever, as there is enough circulating in the blood, it aids 
the destruction of invading organisms by guarding the 
phagocytes from the paralysing effects of the toxin. 

(6) Active immunity. When immediate protection 
is not especially needed it is much better to stimulate 
the individual to produce his o\^ti antitoxin. This can 
be done by injecting several small doses of toxin - 
antigen in the form either of raw toxin partly neutra- 
lized with antitoxin, or of formalin-toxoid. The 
former is not without danger, since too much toxin is 
sometimes liberated from the mixture by dissociation. 
Formalin-toxoid, which is non-toxic but strongly anti- 
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genic, is, therefore, preferable ; precipitation with 
potash-alum prolongs its antigenic action on the tissues. 
Schick-negative individuals, being already protected 
by the antitoxin in their blood, do not need immuniza- 
tion. For those with positive reactions a course of 
three injections at weekly intervals is sufficient in 
90 per cent, of cases to give a long-lasting protection, 
which reaches its maximum in 2 to 3 months from the 
first dose. Toxoid causes severe local reactions in 
a few individuals, but these can be detected by the 
‘Moloney test’, i.e. intraeutaneous injection of a small 
dose of toxoid at the time of the Schick-test. 

An example of the efficacy of active immunization 
may be quoted from America. A group of 200,000 
(‘hildren was taken ; half were Schick-tested, and the 
positives actively immunized, the other half being 
watched as controls. During the subsequent period 
of observation five times more attacks of diphtheria 
occurred among the controls than among the immu- 
nized, and all those among the latter were mild. 

Antitoxin-1 rcatment of human diphtheria. After the 
introduction of antitoxin in LSOO one or two small but 
well- control led experiments, carried out in Danish and 
French hospitals, proved that it was as effective under 
(hnical as under experimental conditions. Although 
the other statistics that have from time to time been 
adduced to prove its value are not always above criti- 
cism, after forty years of e.xperience the medical 
opinion of the world is overwhelmingly in its favour. 

Antitoxin should be given in approximately the 
following quantities directly the diagnosis is made. 
Infants: 2,000 to 10,000 units, according to the severity 
of the attack. Children: 3,000 to 20,000 units. Adults: 
3,000 to 50,000. In severe cases with much intoxication 
the intravenous method is best, otherwise intramus- 
cular injection gives sufficiently rapid relief. Early 
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treatment is vital. If the clinical diagnosis is reasonably 
certain, it is not advisable to wait for bacteriological 
confirmation, for the later in the disease the antitoxin 
is given the less is its effect. Intravenous injection is 
the ideal, since the maximum concentration of anti- 
toxin in the blood is immediately attained ; but there 
is more risk of severe general reactions in this method 
than in those which allow^ of slow^er absorption. A 
certain proportion of human beings are hypersensitive 
to horse-serum, and the resulting \serum-sickness’ 
(p. 253) is intensified by any previous treatment w ith 
horse-serum, such as anti-tetanus inoculation (p. 169). 

If administered early, antitoxin causes a rapid 
improvement of the general condition and accelerates 
the healing of the throat-lesions. Complications are 
much rarer than in untreated cases. The paralysis 
which is often seen after serum- treatment is due to the 
damage already done to the nerve elements before 
treatment began. 

Diphtheroid bacteria 

A number of corynebacteria resembling (7. diphtheriae 
in their cliief morphological characters are foimd in 
various parts of the human and animal body (p. 266), 
e.g. C. hoftnafinii (Fig. 17), a non -fermenting skin- 
commensal which grows profusely on agar, and C. acneSy 
probably the joint-cause, with Staph. aurctiSy of aent? 
vulgaris. The characters of these two liavo been worked 
out, whereas those of the rest of the non-patliogenic 
diphtheroids, including the conjunctival commensal 
‘C. xerosis', have not. 

PFEIFFERELLA 
{Glanders and Meliodosis) 

This small group consists of rather slender, Gram- 
negative, non-motile, non-sporing, unencapsiilated, 
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aerobic rods, which produce very severe granulo- 
matous infections of man and animals.^ 

Pfeifferella mallei 

(Bacillus mallei ; the glanders bacillus) 

This organism is a strict parasite found only in 
lesions of horses and men. The average cell is a slender 



Fig. 18. PJeijJereUa uiallei. 


straight rod about 0-4 /x wide and 1 *5-3 ^4 long ; but 
longer filaments are not uncommon. Its chief charac- 
ters are shown in Table p. 145, and Fig. 18. 

Cultivatwii. On agar the growth is moist, slimy, and 
translucent, and becomes yellowisli or brownish with 

^ The namo of tho genus should be Locffifrella, from LoofTler 
the discoverer of the glanders bacillus (1880). The title Pfeiffe- 
rella is due to a clerical error in the report of tho Committee of 
American bacteriologists who propowsed this system of nomen- 
clature. 
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])rimary lesion is on the skin it causes cylindrical swell- 
ings of the lymphatics (farcy-pipes) and enlargement 
of :he nodes (farcy -buds). Man is generally infected by 
direct contact with diseased horses. 

The typical lesion is intermediate between a granu- 
loma and an abscess. It consists of a dense aggregation 
of leucocytes, mostly polymorphonuclear, often with 
some suppurative liquefaction in the centre. The 
bacteria are generally confin(‘d to the lesions and can 
seldom be found in the blood. 

Toorlns. Mnllein. There is no evidence of exotoxin 
in filtrates of young cultures. An endotoxic product 
(Mallein) is prepared from old, autolysing cultures and 
used in horses as a skin test for the hypersensitiveness 
to which the infection gives rise (cf. tuberculin, p. 148). 
(ilandrous horses react with a ])atch of inflammatory 
swelling, whereas healtliy beasts are uniformly nega- 
tive. This test, followed by the slaughtering of infected 
animals, has been largely responsible for the reduction 
of the incidence of horse-glanders in Great Britain from 
about 2,000 per annum before 1910 to less than 20 per 
annum since 1920. 

Diagnosis in wan. The purulent discharge from an 
ulcer is examined microscopically and cultivated by 
successive strealvs on coagulated serum or potato. In 
favourable cases colonies of the bacillus will appear in 
two days at 37° C. At the same time one or more 
guinea-pigs must be injected intraperitoneally. 

Pfeifferella whitmori 

(Melioidosis), 

A disease very like glanders, which occurs in human 
beings, cats, dogs, and rodents in certain parts of India, 
is caused by an organism resembling P/. mallei in its chief 
characters, including the characteristic growth on potato. 
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A close relationship between the two is also demonstrable 
by cross -agglutination -tests. 

PJeifferella whitmori, how'ever, differs from the glanders 
bacillus in the following respects. It is motile, grows more 
rapidly and abundantly, and often forms a gelatinous 
capsule. It also liquefies gelatin and produces acid from 
a number of carbohydrates in addition to glucose. 

Melioidosis appears to be primarily a disease of rodents , 
which are also the most susceptible of all animals to 
experimental infection. 



CHAPTER X 

MYCOBACTERIUM. ACTINOMYCES 

MYCOBACTERIUM 
(Tuberculosis; leprosy) 

This genus of acid-fast, non-motile, non-sporing, un- 
encapsulated, slow-growing, aerobic rods, contains the 
important pathogenic species, Myc. tuberculosis and 
Myc. leprae which cause chronic granulomatous 
lesions in man and animals ; also a number of sapro- 
phytic species which are found on grasses, in butter 
and manure (e.g. J/yc. phlei) and on the genital and 
other mucous membranes of man (Myc, suiegmatis). 
Finally, a species known as Myc, paratuberculosis or 
‘Johne’s bacillus’ causes a chronic enteritis of cattle 
and may be mistaken for the true tubercle bacillus in 
the microscopical examination of milk. 

Mycobacterium tuberculosis 

(Bacillus tuberculosis. Koch, 1882) 

The species contains four varieties or types, each 
adapted to a different range of animal hosts ; viz. the 
human, bovine, a vain, and piscine or reptihan types. 
Certain differences of growth-habit and pathogenicity 
serve to distinguish these from one another (Table 
XVI). Only the first two types play any considerable 
part in human pathology, though the avian variety is 
said to have been found in a few cases of mild, atypical 
tuberculosis in foreign countries. 

Hurmii and bovine, types. The human type is found 
chiefly in adult man, the bovine type in cattle and 
children (p. 150). Both occasionally infect other 
mammals. 
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Morjphology (Fig. 19). The individual cells are rather 
slender, from 1 to 4 /x long and 0*3 to 0-4 /x broad, and 
often show banding or beading in stained preparations. 

Staining, Simple stains give poor results. Ziehl- 
Neelsen’s method (p. 17) is much the best. In young 



Fio. 19. Mycobacterium tuberculosis 
(in sputum, with degenerate leucocytes) 

cultures a number of non-acid-fast cells are usually 
seen. It is often stated that alcohol will decolorize 
Myc. smegmatw but not Myc. tuberculosis. The dis- 
tinction, however, is too slight and irregular to serve 
as a differential test. 

Variation. Elongated and occasional branched forms 
(p. 31) are seen in lesions and cultures. Small non- 
acid-fast spheroidal bodies (Much’s granules), stainable 
by a modified Gram’s method, have been described as 
present in tissues, caseous matter, &c., but there is no 
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convincing evidence that they are alive or virulent. 
An ultramicroscopic (invisible), filterable form (p. 207) 
has been alleged to exist, but here the evidence i.s 
even less convincing. 

Cultivation. No growth occurs on agar, gelatin, 
or broth, unless the medium is enriched with glycerine 
or blood. Egg-media are excellent : also coagulated 
serum and potato soaked in glycerine. In flasks of 
glycerine broth, the organism grows slowly in a spread- 
ing film on the surface. 

Colonies. On solid media the colonies take 2 to 3 
weeks to develop. They are greyish -white, or yellow, 
granular, dry and heaped up. The bovine type is 
smoother and moister than the human. Confluent films 
of growth have similar characters. 

The resistance of the organism to (‘hemical disin- 
fectants is rather high. Thus, antiformin (which con- 
tains chlorine) kills it much more slowly than other 
bacteria, a fact which is utilized in the isolation of the 
organism from contaminated matter, such as sputum. 
Several hours’ exposure to 5 per cent, phenol is neces- 
sary to sterilize tuberculous sputum or pus. 

The antigenic constitution of the liuman and bovine 
types is the same, while each of the other types is 
different. The mycobacteria are troublesome to work 
with, owing to the difficulty of making good sus- 
pensions. 

Action on animals. The subcutaneous injection of 
a very few living cells into a guinea-pig causes death 
in 3 to 12 weeks with an ulcerated nodule at the site 
of injection, enlargement of the regional lymph-nodes 
and lesions in the spleen, liver, and lungs. The organ- 
ism can be seen microscopically in the lesions and 
isolated from them in pure culture. The bovine type 
is highly virulent to rabbits, which distinguishes it 
from the human and other types (Table XVI). 
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TabercMlosis in man. Although lesions may be found 
in almost any part of the body, the following sites are 
the most frequent ; lungs, lymph-nodes, bones and 
joints, intestines and kidneys. 

Table XVI 

Some distinctive characters of the Mycobacteria 
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In the freshest lesions the bacteria are found inside 
large mononuclear reticulo-endothelial cells, the so- 
called epithelioid cells, some of which enlarge to giant- 
cells with a granular centre and a peripheral ring of 
nuclei. Around these a ring of lymphocytes accumu- 
lates, and the lesion is now' termed an elementary 
tubercle’ or ‘Giant-cell system'. As the bacteria 
multiply and the lesion grows, necrosis of the central 
portions occurs, and at the same time young fibrous 
tissue is laid dow n outside the lesion. By the extension 
or fusion of several adjacent lesions a tiny visible mass, 
called a miliary tnbercley is formed. Further extension 
gives rise to a tuberculous granuloma, the necrotic centre 
of which softens into a whitish cheesy mass containing 
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dead and living tubercle bacilli. This is termed caseation. 
In chronic lesions calcification often results from the 
deposition of lime salts in the caseous matter. 

Toxins, hypersensitiveness, and immunity. Tuber- 
culin. Filtrates from young cultures in fluid media 
have little or no toxic action ; i.e. no exotoxin is 
secreted. The cells, however, contain a specific 
material, called tuberculin, which is obtained by 
growing either a human or a bovine strain for 6 to 8 
weeks in glycerine -broth, evaporating down at 100° C. 
to a tenth of the volume, and removing the bacteria 
by filtration. Various different tuberculins have been 
described, but the underlying principle is the same 
in all. 

Tuberculin is hardly toxic at all to healthy infants, 
but for reasons given below, susceptibility increases 
with age. In most adults the subcutaneous injection 
of more than about a hundredth of a c.cm. provokes 
a painful local swelling with some general disturbance, 
but for a new-born baby the effective dose is about 
a hundred times more. 

Now' it has been shown experimentally that animals 
suffering from tuberculosis are far more sensitive to 
tuberculin than normal animals. Tuberculous human 
beings are especially sensitive ; thus, a thousandth or 
even a ten-thousandth of a c.cm. is enough to cause an 
inflammatory swelling at the site of injection (local 
reaction), with fever and malaise (general reaction), 
and usually a ‘focal’ reaction around the lesion. The 
latter is indicated by redness or swelling, if the disease 
is superficial, as in lupus, or by an increase of pain or 
tenderness in deep lesions. 

Koch's phenomenon, A curious experiment by Koch 
threw much light on hypersensitiveness in tuberculosis. 
The subcutaneous injection of virulent Myc, tubercu- 
losis into a guinea-pig gives rise in about a fortnight to 
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a hard granuloma which gradually caseates and forms 
a discharging ulcer. If about 6 weeks after the first 
injection the animal is given a fresh dose of living cul- 
ture subcutaneously, a totally different reaction takes 
place. Within 48 hours the skin at the site of injec- 
tion becomes deeply inflamed and finally necrotic. 
The dead tissue, with the bacteria, is thrown off by 
ulceration, and the lesion heals up. Meanwhile the 
original infection runs its course. 

Experiments have proved that the reaction of an 
infected animal begins to change about 10 days after 
the first infection, but that full hypersensitiveness 
takes some 40 days to develop. Thus an existing tuber- 
culous focus protects a man or animal at least to a 
considerable degree from superadded tuberculous 
infection. Now it has been proved by careful post- 
mortem examinations that at least 90 per cent, of 
human beings are infected by Myc. tuberculosis in 
childhood or youth. The commonest lesion is a single 
focus localized in the lung, with a secondary infection 
of the lymph-nodes of the hilum. The lesions become 
ringed round with fibrous tissue and calcified, but may 
contain living bacilli for an indefinite time. It is 
believed that the disease takes this benign form when 
the dose of infection was single and small. The pres- 
ence of latent lesions of this kind confers hypersensi- 
tiveness, as revealed by the tuberculin skin-test, and 
a consequent resistance to superinfection. A new and 
progressive infection may occur if the latent lesions 
heal or if the resistance is overcome by massive or 
repeated doses of bacteria. It seems that the latent 
foci seldom if ever cause active disease in later life. 
The long-drawn struggle of ‘phthisis’ is clearly due to 
a balance between invasion and resistance. 

European races in general possess an effective ‘infec- 
tion-immunity’ of the type described, but in certain 
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Eastern countries, where the microbe has not achieved 
a wide distribution, the individuals of all ages are so 
susceptible to infection that contact with Europeans 
may start devastating epidemics of tuberculosis. The 
same thing has happened in European populations 
whose resistance has been lowered by malnutrition. 

Pathogenic differences of the human and bovine 
varieties. Both varieties are capable of causing fatal 
disease in man, but their frequency in the various 
types of tuberculosis is very different (Table XVII). 

Table XVII 

Type of Myc. tuberculosis in human lesions 

Lesion Human ii/pe Bovine type 

Limgs (Phthisis) . , 95-09 per cent. 1-5 pi'r coni. 

Abdominal or^]jans, glands 50 00 40 -50 

of neck, bones and 
joints 

The bovine type is practically confined to children, 
who suffer more commonly from glandular or skeletal 
than from pulmonary infection. In pulmonary tuber- 
culosis, whether juvenile or adult, the type is nearly 
always human. In lupus (tuberculosis of the skin) the 
two varieties are about equally represented, but the 
])acilli are, curiously enougli, generally a virulent to 
animals. 

Routes of infection. Without going into a contro- 
versial question, it is possible to deduce from the facts 
at our disposal that : ( 1 ) Children are infected either by 
contact with tuberculous adults whose sputum con- 
tains human tubercle bacilli, or by drinking milk from 
tuberculous cows. (2) Adults are practically always 
directly infected by human beings. 

The chief vehicles of human-type infection are 
droplets coughed directly into eyes, nose, or mouth, 
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and inhaled dust containing dried particles of sputum, 
in which tul:)ercle bacilli can survive for weeks. It has 
been shown that guinea-pigs can be infected with the 
washings from the walls of rooms inhabited by con- 
sumptives. The bacilli either reach the lung through 
the air-passages, or more probably are conveyed by 
phagocytic cells from the surface of the mucous mem- 
brane through the lymphoid follicles, and so reach the 
cervical or bronchial lymph-nodes. The passage of 
the bovine (or human) bacillus through the intestinal 
mucosa to the mesenteric glands occurs in a similar 
manner. It is significant to note that the waxy coat 
of Myc. tuberculosis enables it to survive 6 hours’ 
exposure to the action of gastric juice, which destroys 
most bacteria in a fow minutes. 

Diagnosis. Puhnonary tuberculosis. Dry films of 
purulent flakes in the sfmtum are stained by Ziehl- 
Neelseii’s method (p. 17), and searched for acid-fast 
bacteria of the right size and shape. In doubtful cases 
the test must be repeated several times, and the anti- 
formin concentration method should be employed. 
In this method 1 part of the sputum is mixed with 2 
or H parts of 20 per cent, antiformin, left for an hour 
and then centrifugalized. The strong alkali dissolves 
the viscous parts of the sputum, and most of the non- 
acid fast organisms are destroyed. Ziehl-Neelsen films 
are made w ith the deposit. If conclusive proof of the 
identity of the acid- fast organisms is required, or if 
none are found, cultivation sliould be attempted, and 
the most delicate test of all, injection into guinea-pigs, 
should be carried out. For the cultivation of sputum, 
which is always contaminated with various bacteria, 
the method of Lchvenstein-Hohn gives very good 
results. The sputum is intimately mixed with five to 
ten times its volume of 10 per cent. H 2 SO 4 , left for 
20 minutes and then centrifugalized. The deposit is 



152 MYCOBACTERIUM. ACTINOMYCES 

streaked on slopes of egg-medium ; and some of it may 
be washed with sahne and injected into guinea-pigs. 

Bones, joints, and lymph-nodes. In Ziehl-Neelsen- 
stained films of the caseous matter from ‘cold abscesses’ 
the bacteria are scanty, but they can almost always be 
found if a yellow counter-stain (picric acid) is used. 
If none are found, about a c. cm. of the pus is injected 
into a guinea-pig, which will usually develop tubercu- 
losis within 6 weeks. Tissues, either post mortem or 
removed during life for diagnosis (biopsy), are treated 
in the usual way and stained both with haematoxylin 
and eosin and by Ziehl-Neelsen’s method. Since the 
tubercle bacilli are often very difficult to find, the 
diagnosis must often rest on the characteristic histo- 
logical picture. 

The tuberculin test for hypersensitiveness . A little 
tuberculin is introduced into the akin by making 
scratches through a drop placed on the front of the 
forearm (Pirquet’s test) or is diluted about 1 in 1,000 
and injected (0*1 c.cm.) into the layers of the skin 
(Mantoux’s intracut aneous test). If, after 24-48 hours 
the skin shows a raised, red, tender swelling, about 
4 inch in diameter, the result is positive ; if not, it is 
negative. A more or less quantitative measurement of 
hypersensitiveness can be made by injecting a number 
of serial dilutions into adjacent spots on the same arm. 

Since, as we have seen, the great majority of healthy 
adults have, or have had, latent tuberculous lesions, 
their reactions to this test are nearly all positive (80 
per cent, or more). The test, therefore, tells us nothing 
of the present activity of the disease. A negative 
reaction, however, especially if done quantitatively 
and repeated, can be taken as excluding tuberculosis. 
Infants are normally insensitive to tuberculin, so that 
a positive reaction indicates an active process. As the 
child gets older, the diagnostic value of the test for 
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active disease decreases proportionately. The tuber- 
culin test is also widely used in cattle, with the object 
of excluding tuberculous animals from milking herds. 

Serum-redciiom in tvherculoais. Antibodies of all 
types are produced ; agglutinins, precipitins, opsonins, 
and complement-fixing bodies, but they are, generally 
speaking, too feeble and inconstant to afford a reliable 
diagnostic test. The least uncertain is the complement- 
fixation test (p. 180) which gives, in experienced hands, 
up to 75 per cent, of positive reactions in well-estab- 
lished active cases ; but it is not generally employed in 
routine work. 

Specific immunization and therapy; B.C.G. The 
prophylactic treatment of infants and tuberculin- 
negative adults by the mouth with a living vaccine 
of a strain of Myc. tuberculosis attenuated by many 
years’ growth on a medium containing bile is practised 
on a large scale in France and some other countries. 
MilUons of children and adults have been treated with 
tliis ‘Bacille Calmette-Guerin’ or B.C.G. , and it is 
claimed that the incidence and mortality of the disease 
have been greatly reduced. A serious accident, 
involving the death of 72 children at Lubeck, in 
(Germany raised great doubt of the safety of the method, 
especially as experimental evidence was forthcoming 
that a throwback of the B.C.G. strain to virulence was 
possible. But after exhau.stive legal and scientific 
inquiry the accident wa.s attributed to the accidental 
substitution of a virulent strain for the harmless B.C.G. 

The balance of evidence indicates that the vaccine 
has some protective value, but it is not enough to 
overcome the reasonable British prejudice against 
injections of living bacteria. It has been clearly 
proved that calves can be effectively immunized with 
B.C.G. ; but the same can be said of Dreyer’s formalin- 
killed, acetone-extracted 'diaplyte vaccine’. 
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Specific therapy. Vaccine-therapy in the usual sense 
(p. 248) cannot be practised, since killed tubercle 
bacilli are very irritating to the tissues, causing histo- 
logically typical, though entirely unprogressive lesions. 
Injections of tuberculin, however, have been widely 
used in the treatment of the disease, but the great 
tendency to spontaneous cure in tuberculosis makes 
it hard to judge the value of remedies, and therefore 
it remains uncertain whether tuberculin has any actual 
curative power. On the other hand, it is clear that 
much harm can come of the intense focal and general 
reaction caused by too large a <l()se. 

8pahlinger claims both therapeutic and prophylactic 
value for his special antigens and antiserums, in the 
preparation of which great elTorts are made to re- 
produce the natural environment of the microbe and to 
avoid chemical disruption of antigens. There is fairly 
good evidence of the prophylactics value of his vaccine 
in cattle, but no ^'alid judgement can be given on the 
therapeutic aspect of his work. 

Mycobacterium leprae 

(Bacillus leprae. Hansen, 1874) 

This organism is found only in the granulomatous 
lesions of human leprosy. A closely related species 
causes leprosy in rats, which does not seem to have 
any connexion with the human disease. 

In its main morphological characters and staining 
reactions Myc. leprae closely resembles Myc. tuber- 
culosis. In other respects our knowledge of it is greatly 
limited by the fact that, so far as we know, it caniwl 
he CAiltivated . It is true tliat acid-fast organisms of 
various types have been grown from leprous lesions, 
but there is no conclusive evidence that any of them 
are the actual causative agent. 

Action on animals. An extremely mild, local and 
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self- curing form of the disease can be given to monkeys 
(only) by inoculation with tissue emulsion containing 
the bacteria. Cultures of the supposed organism have 
no effect on any animal. 

The lesion of le prosy is a progressive granulomatous 
infiltration of the deep layers of the skin. The microbes 
are to be seen in large numbers especially inside large 
mononuclear cells (lepra cells). In the nodular form, 
inllammator}^ spots appear on the skin of the face and 
(‘xtremities, and often on the mucous membranes of 
the mouth, nose, throat, and eyes. These thicken into 
nodules and often ulcerate, discharging serum and 
bacteria. There is little necrosis in the lesions, and 
7iever any caseation. In the maculo-anaesthetic form 
the peri])lieral nerves become diffusely infiltrated and 
tlie part.s suj)])lied by the nerves lose their sensibility. 
The skin atrophies and becomes secondarily inflamed. 
Various injuries and consequent deformities result 
from the anaesthesia. 

Diagnosis. Dry films may be made of the exudation 
from ulcers of the skin, or with swabs from sores in the 
nose, and stained by Ziehl-Neelsen's method. The 
most certain method, however, is to cut sections of 
a fragment of tissue excised for the purpose. The 
characterist ic intracellular distribution of the acid-fast 
organisms establishes the diagnosis. 

Source a nd s pread of i nfection . Leprosy is not highly 
infectious. It is generally contracted only after pro- 
longed contact with cases of the nodular type. The 
incubation-time varies from a few weeks to several 
years. Infection probably enters through cuts or 
abrasions of the skin. 

Prophylaxis and therapy. There is no effective form 
of treatment with specific serums or vaccines. In- 
jections of chaulmoogra oil and its derivatives have 
a powerfully beneficial effect in early cases. 
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ACTINOMYCES 

(Ray furujus) 

The Ray fungi are filamentous, branching, mould- 
like organisms, generally classed among the Higher 
Bacteria (p. 14). Three types are pathogenic to man, 
viz. Actinmnyce^ bovis. Act. inadurae, and (rarely) 
certain acid -fast species. Several others cause granu- 
lomatous diseases in animals, and the rest live as 
saprophytes in the soil and on the grain of various 
grasses. 

Actinomyces bovis 

The chief characters of the organism are given in 
Table XV, p. 145. As its name suggests, the infection 
is commonest in cattle ; its most frequent site being the 
mouth and tongue (‘woody-tongue’). Small laboratory 
animals are not susceptible to infection. 

Actinomycosis in man is relatively rare and generally 
takes the form of a chronic suppurating granulomatous 
infiltration of the skin of the face or neck, which may 
extend through the thoracic wall into the lung. The 
sites next in frequency are the vermiform appendix, 
mouth, and tonsil. General dissemination is rare. The 
case-mortality varies from 10 to 90 per cent., according 
to the accessibility of the site. 

Histologically we see colonies or tufts of mycelium 
set in a soft mass of mainly polymorphonuclear 
leucocytes, surrounded by a zone of mononuclear cells, 
fibroblasts, and fibrous tissue (Fig. 20). In cattle the 
fungoid colonies are generally fringed with a row of 
club-like terminal swellings of the filaments, which 
give them a very characteristic appearance ; but in 
the human tissues the clubs may be very difficult to 
make out. Their function is not known, but it is 
thought that they represent a defence -reaction on the 



MYCOBACTERIUM. ACTINOMYCES 157 

part of the parasite against the phagocytic and bacterio- 
lytic action of the tissues, analogous, perhaps, to the 
functional capsule-formation of various bacteria (p. 24). 

Channels of infection. It used to be taught that 
infection was due to punctures by sharp fragments of 



Fkj. 20. Actinotuyccs horii< 


A. Colony in tis.siu's, Hhowlnp rlubs. Siirrouiuiing objects -- 
(vll-nnclei. 

a. Mycell.'il mar<s in tissues. Surrounding objects -- cell-nuclei. 
C. .Mycelial fragments in pus. SpluToidal lK)die.s - leucocytes. 


straw’ in stables, but we now' know that the ray-fungi 
found on straw are saprophytes. Transmission is 
probably by discharges and droplets. 

Diagnosis. The pus from the lesions contains grey 
or yellowish granules, often gritty from calcification. 
When crushed on a slide and Gram-stained they are 
found to consist of Gram-positive tangled filaments 
and shorter rods. In lung-infections similar grains are 
found in the sputum. Cultures (anaerobic) should be 
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made by smearing the pus on biood- or gluroscacar 
Iho slowly developing colonies are small circulit 
greyish-white, and soft. In gluco.so or Hc^m-hrotii 
dumps of tangled filaments flevelop and sink to ()„. 
bottom in a wJiite niulhvrry liko innss, <,f 

tissues, stained bv Oam or various s]>ecial nietiiods 
show the picture described abov(‘. 

Actinomyces madurae is one of tht' causes of ‘Madura 
foot’, a chronic ^Tanuloniatous suppurfit ion of the hiiruan 
lower extremity, occurrint^ in India, S. Europe, and 
America. The organism cldTcrs from .1(7. bori.i in hcinif 
aerobic and forming dry, tough, li(‘af)C(l-up colonies. 
On potato the growth turns pink after a time. 

Related organisms. Various otht'r spf^eies of higli(‘r 
bacteria cause granulomatous disi^fises of animals ; e.g. 
the aerobic, acid-fast .4c/. /(7rc/n/ca.v which causes cattle- 
farcy {Farciii'de-hauJ), and a group of unl>ranchcd, fila- 
mentous species called Act'inohacillus. Finally, a similar 
organism, Eryaipdothrix, gives rise to a spreading erysipf*- 
latous inflammation of tlio skin of swine. 

The saprophytic species of Actinomyces^ e.g. Act. 
graminiSf are distinguishable from .4c/. bovis, amongst 
other things, by their ability to grow at low temperatures 
(20° C.) and by the rapidity, profu.sion, and deep pig- 
mentation of the growth. 



CHAPTER XI 

THP: SPORE-BEARING RODS: 
BACILLUS, CLOSTRIDIUM 

BACILLUS 

{Anthrax) 

The g(Mius Bacillus consists of large, aerobic, spore- 
bearing, mostly Gram-positive rods. A fairly constant 
feature is that the s))ore does not appreciably bulge 
out the contour of the containing cell, whereas in the 
genus Clostridium a definite bulge is the rule. Only 
one species, Bac. anthracisy is pathogenic. The re- 
mainder are common saprophytes of the soil and air, 
and interest us only as ‘contaminations’ of cultures, 
food, &c., e.g. Bac. suhfUis (the hay bacillus), anthra- 
roideSy megatheriumy tnycoidfs, and incseutericus vitU 
gat us. 

Bacillus anthracis 

(Davaine, 1803) 

Bacillus autJu^acis (Table XVIll and Fig. 21) is one 
of the largest of the jiathogenic bacteria. The average 
cell measures or more by about 1 to 1'2/x. In the 
tissues and body tluids the organisms are mostly single 
or in pairs, but in cultures on solid media they develop 
in long segmented chains or unsegniented filaments 
which interlace in wavy bundles, giving the colonies 
or tihn of growth a rough, feltt‘d appearance like 
tangled hair. Growth on ordinary media is rapid and 
profuse. In gelatin stab-culturcs it is described as 
spreading out from the needle-track in the form of an 
inverted fir-tree ; liquefaction sets in later, spreading 
downwards from the surface in the shape of a cup. In 
broth the bacillus grows in fine, thready floccules, 
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which settle to the bottom of the tube, leaving little 
or no turbidity. 

Capsules y which are constantly present in the living 
body, are not formed on agar or in broth ; but they 
may often be seen on media containing blood or serum. 



Fio. 21. Bacillus anthracis 

A. Young culture; non*8poring. 

B. Spore-bearing older culture. 

C. Ixwped strand of growth at the edge of 

a colony. 

SporulatioTiy on the contrary, does not occur in the 
living body, but takes place in old cultures of all types. 

Variation is seen far more commonly under culti- 
vation than in nature. Some races may produce a large 
number of grotesque involution fonns; others com- 
pletely lose the faculty of sporulation. We have men- 
tioned elsewhere (p. 52) the loss of virulence that 
takes place when Bac. anthracis is cultivated at tem- 
peratures above its optimum. 
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Biochemical actions and serological reactions. Thqse 
are not much employed in practice. Several carbo- 
hydrates are acidified, without gas. No indole is 
produced. Precipitation and complement-fixation re- 
actions with the serum of immunized animals show 
that the antigens of B. anthracis are partly specific, 
but there is also a strong group reaction with the 
saprophytic bacilli, due to a common polysaccharide 
body-component. This common factor clearly sug- 
gests a phylogenetic relationship. 

Pathogenic action. Anthrax is primarily a septicae- 
rnic disease of cattle, sheep, and a few other animals. 
Man contracts it only through contact with animals or 
their products. Most mammals are susceptible to 
artificial infection, whereas the majority of birds and 
reptiles are immune. In rabbits, guinea-pigs, mice, &c., 
death occurs with septicaemia, enlarged spleen, and 
local bloody oedematous inflammation. It is signifi- 
cant that the natural resistance of pigeons and frogs 
can be overcome by chilling the former and by warm- 
ing the latter (p. 235). 

Toxins. Virulence is due to the specific antigenic 
protein in the surface layer or capsule, and the loss of 
virulence in growth at temperatures above 40° C. is 
due to a great reduction of capsulated cells. Although 
toxic substances are sometimes formed in broth cul- 
tures, they have not the properties of specific exotoxin. 
The destructive action of the microbe on the tissues is 
probably due partly to similar non-specific metabolites 
and partly to the toxic capsular antigen. Bar. anthracis 
does not produce haemolysin, whereas the sapro- 
phytic Bac. megatherium does — an illustration of 
the principle that haernolysins are not neccessarily 
connected with virulence (cf. Vih. el Tory p. 106). 

Anthrax in man. The primary lesion generally occurs 
oiv the exposed parts of the skin, such as the face ; 
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but the throat (larynx), bronchi and alimentary tract 
are also sometimes primarily infected. 

At the site of implantation an acute, oedematous, 
polymorphonuclear inflammation causes the formation 
of a vesicle containing cloudy fluid. The continued 
multiplication of the bacilli cau.ses necrosis of the central 
area, whil^the spread of the infection produces new 
vesicles around the primary one. If early diagnosis and 
treatment are impossible owing to inaccessibility of 
the lesion, infected emboli from the local vessels carry 
the bacillus into the blood, where it multiplies and 
infects other organs. In this case enlargement of the 
spleen, bloody effusions into serous cavities and other 
manifestations of septicaemia herald a fatal termina- 
tion. But in the majority of cutaneous infections 
early serum treatment, with or without excision of the 
pustule, prevents further extension, and about 90 
per cent, of patients recover. 

Channels of infection. Infection comes to man in 
some product of the cattle industry, especially in 
imported Asiatic hides. In England we used to be 
familiar with ‘wool-sorters’ disease’ (pulmonary an- 
thrax), which modern factory hygiene has made com- 
paratively rare ; but any trade which deals with hides, 
animal hair, bristles or carcasses carries the risk of 
infection. A few cases amongst the general public 
have been traced to the use of imported shaving- 
brushes. Finally, blood-sucking flies are a danger 
wherever anthrax is rife amongst the local cattle. 

Recovery, immunity, antibodie^^. In animals survival 
from an attack confers a solid immunity to experi- 
mental inject ion even of large doses of virulent culture. 
The serum of such an animal, and equally that of 
animals which have been through a course of preven- 
tive inoculation, contains precipitins, agglutinins, and 
(probably opsonic) antibodies that protect rabbits 
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from experimental infection. No anti-endotoxic nor 
bactericidal property can be demonstrated. 

An antiserum from immunized asses (Sclavo’s 
serum), given intravenously at an earl}^ stage of the 
infection, has had a good deal of success in reducing 
the mortality in human cases ; but its action is obscure, 
since laboratory tests may fail to demonstrate specific 
antibodies, and normal ox-serum seems to have a 
similar, though weaker, effect. 

Active immunization with vaccines made from cul- 
tures attenuated by growth at 42"" C., though it is too 
risky for use in man, has been widely practised in 
sheep and cattle, ever since Pasteur’s dramatic im- 
munizing experiment in 1881 . But both its efficacy and 
safety vary greatly in different circumstances owing 
to irregularities of the attenuation-process. The 
danger may be reduced by simultaneous injection of 
antiserum. Recent evidence points to the capsular 
antigen as the main stimulant of immunity. 

Diagnosis . The presence of characteristically large 
single or paired rods, and y)erhaps some filaments, in 
Gram-stained films of pust ule-tluid may be taken as 
provisionally diagnostic. To confirm this, cultures 
from the pustule are maxle on agar and in broth with 
a fine swab. The final proof of the nature of the 
organism is obtained by injecting either a culture 
or the excised and pounded-up pustule into guinea- 
pigs. 

The saprophytic bacilli mentioned at the beginning of’ 
this chapter are likf3 Bac. anthracis in many ways, but are 
distinguished in some cavses by motility (Bac. subtilis), 
and in others by a more feathery spreading of the colonicvs 
(Bac, mycoides), or by a highly wrinkled growth (Bac. 
mesentericiis vidgatus). In case of doubt, however, viru- 
lence to animals is the final test. Although Bac. anthra- 
coides in large doses may kill mice with septicaemia, 
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neither it nor the others can be confused with Bac. anihra- 
cis, which is lethal in minute (quantities to small labora- 
tory animals. 

CLOSTRIDIUM 

{7'etaiuis; gm-ijangrene; hoiulism) 

This group consists of anaerobic, spore-bearing, 
Gram-positive rods, wliich mostly inliabit the soil and 
the intestines of animals. Several species are very 
dangerous when they reach the tissues through wounds 
or abrasions. Thus Cl. ietani causes lockjaw (tetanus), 
CL welchiL svptique, oeilemailem and one or two others 
give rise to gas-gangrene. CL hotulinurn, growing in 
preserv^ed foods, produces a yiowerful toxin which 
causes food-poisoning or botulism. Lastly we hav'e a 
number of sapro[)hytes (CL .sporogtnes, CL hutgricurriy 
&c.), which arc distinguishable from the pathogenic 
s{X‘cies by their lack of virulence to animals. 

Clostridium tetani 

(Kitasato, 1889) 

This organism is found in infected wounds, in culti- 
vated soil, and in tlie intestines of herbivora. It is also 
sometimes to be found in the faeces of healthy men. 
In its sporing form it has a very characteristic drum- 
stick appearance (Fig. 22), which, however, it unfortu- 
nately shares witli at least one saprophytic species. 
The vegetative cell is a slender rod of variable length 
(0*5/Ltx2 to 5/x). Filaments are not infrequently seen 
in cultures. It is motile and is described as peritri- 
chate. 

Cultural and biochemical characters (Table XVIII, 
p. Ibl). On agar under strictly anaerobic conditions 
the growth, like that of Proteus, spreads rather quickly 
in a thin ragged-edged film, so that single colonies are 
difficult to observe and isolate. But a good growth of 
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separate colonies may be obtained in a deep shake- 
culture in agar or glucose-agar, inoculated with spores 
immediately after it has been sterilized in the auto- 
clave and before the medium has absorbed any oxy- 
gen. There is some gas -for mat ion, which splits up the 



Fio. 22. Clo.s'trld iti 

I. Cl. tetani. Sporiim («lrunisli( k) an«l n()ii-siH)rlnj' 

II. CL ivelchii. A. (’aiwulatr^l. H. riicap.sulatcd. (’. SiMiriny:- 

JII. ('L SiMiriiik' and noii->jK)rinj' Iomuh. 

agar. In broth there is turbidity, souie |H)wdery depo- 
sit and a di.sgiisting stench. Minced meat, sterilized in 
water, gives a gocxl growth without anaerobic precau- 
tions (p. 30). Some species produce y)roteolytic enzymes 
which digest the meat, but t7, tetani does not. Indole 
is formed in peptone water. No carbohydrates are 
fermented. On blood -agar a zone of haemolysis appears 
round the colonies. 

Toxins and antigens. One of the salient characters 
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of the organism is its secretion of a potent exotoxin. 
Although there are at least seven serological varieties 
of the organism, all produce the same toxin. A good 
toxin (i.e. a filtered broth culture) will kill a mouse 
at a dose of a ten -thousandth of a cubic centimetre. 
Its physical and chemical properties are akin to those 
of diphtheria toxin (p. 131), but its effects are different, 
since it causes extreme irritability of the motor nerve- 
centres resulting in violent ‘tetanic’ spasms of the 
jTiuscles. Like diphtheria toxin, if loses its toxicity 
on storing without an equivalent loss of antigenic 
potency, and the change can be accelerated by the 
addition of formalin (formol-toxoid). 

Pathogenicity. Man and horses are susceptible to 
natural infection ; guinea-pigs, rabbits, and mice may 
be killed in 2 or 3 days by subcutaneous injection of 
a broth culture. Birds and reptiles are insusceptible, 
owing to a lack of chemical athnity between their 
nervous tissue and the toxin. 

Now it is a curious fact that spores alone are incap- 
able of caimng tetanm. If a culture is heated for half 
an hour at 05° (’., both the toxin and the vegetative 
cells are destroyed, and the culture is now found to be 
harmless to animals, although the spores are intact. 
If, however, we add to the inj(;cted spores some agent 
that causes necrosis of the tissues, symptoms of 
tetanus will develop in due course. As necrotizing 
agent we may use sterile soil, calcium salts, living 
Staph, aureus or the toxin of Cl. wcJchii. But why is 
necrosis necessary ? Recent researches have given the 
following answer. In healthy tissues the spores cannot 
germinate, owing to the relatively high oxidation- 
reduction potential (Eh, p. 36); and since without 
germination there is no production of toxin, no symp- 
toms of tetanus develop. The majority of the spores 
are taken up by phagocytes and either digested at once 
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or dispersed through the tissues, where they may per- 
sist harmlessly for several months before dying out. 
In damaged or necrotic tissues, however, where the Eh 
is greatly reduced by lack of blood-supply, the spores 
germinate freely, toxin is produced, and an attack 
of tenanus results. 

Thus, in the causation of tetanus in man, we can 
understand how the fouling of wounds with fertilized 
soil or road-dirt plays the double part of introducing 
spores (from manure, &c.) and of producing the tissue- 
damage necessary to allow germination. 

Tetanus in man and animals. The local lesion is an 
ordinary acute suppuration, often of quite minor 
degree and usually containing a mixture of bacteria. 
The toxin diffuses out from the tetanus bacilli multi- 
plying in necrotic foci, and, as careful experiments 
have shown, it is absorbed by the endings of the motor 
nerves, whence it passes up the axis-cylinders and thus 
reaches the anterior-horn cells. Its passage, under 
experimental conditions, may be blocked by division 
of the nerve-trunk, or by injecting antitoxin into it. 
The circulation of toxin in the blood-stream seems to 
play little part in the disease; for if an injection is 
made directly into a blood-vessel, and at the same time 
antitoxin is injected into the main nerve trunks of one 
limb, the resulting tetanus does not affect that limb, 
or appears in it much later than elsewhere. This in- 
dicates that even from the blood toxin must pass up 
the nerves to reach the central nervous system. It is 
thus easy to understand how it is that many tetanic 
attacks are local, i.e. affecting only one part of the 
body. 

Defence-reaction. Tetanus toxin is a powerful 
stimulant to antitoxin-formation. If the infection is 
slight and the site not rich in motor nerves, the anti- 
body-response may be sufficient in a few days to 
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neutralize the toxin in situ and prevent further absorp- 
tion. But more commonly the response is too slow to 
prevent severe poisoning of the central nervous 
system; so that in cases not treated with antitoxic 
serum the fatality is in the region of 85 per cent. 

Prophylaxis and therapy. Antitoxin is produced by 
immunizing horses with increasing doses of toxin, 
at first partly neutralized with antitoxin, or with 
formol -toxoid. Patients with a severe wound which 
may have been infected with cultivated soil or manure 
should be injected at once with about 3,000 units 
(I.U. or International Unit) of antitoxin, and the dose 
should be repeated weekly so long as the wound is 
septic, since the antitoxin is quickly excreted. The 
method of potency-estimation is similar to that of 
diphtheria antitoxin (p. 132). The unit adopted in the 
IJ.8.A. is double the strength of the European I.U. 

The reduction of tetanus in the armies during the 
Great War as soon as antitetanus inoculation became 
general was extremely striking, as is showm in Table 
XIX. 


Table XIX 

Tetanus developing in Home Hospitals 1914-1916 

Cast's per 1,000 


Period ti'oujuted 


1014 Sopt. ir> o 

Oft. . . . I 31 -8 

Nov. . . 1-7 

Doc. . . . 0-8 

1015 Average monthly 0-8 

Highest month . . 10 

1016 Average monthly . I 1*1 

liigliCHt niontli . 2-8 


Prophylactic sorum treatment became general 
between Oct. and Nov. 1914. 
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Active immunization of soldiers with formol-toxoid 
(together with T.A.B. vaccine and diphtheria-toxoid) 
has recently been introduced. 

The treatment of well-developed tetanus with anti- 
toxin is, as might be expected, less satisfactory. In 
experimental guinea-pigs, if a given dose of antitoxin 
saves the animal from the effects of a lethal dose of 
toxin when the two are injected simultaneously, about 
two thousand times the (juantity is recpiired 24 hours 
later, when tetanic symptoms have set in. In man 
a dose of some 25,000 units is injected intrathecally at 
the earliest possible moment and a similar dose is 
given into the blood. Some days later the same 
quantity is injected subcutaneously tf) maintain the 
supply in the body by slow absorption. No statistics 
are available whereby to judge the therapeutic effect, 
but it is generally agreed to be beneficial in most 
cases. 

Diagnosis by bacteriological methods is difficult and 
uncertain. Dnimstick-sporing rods can sometimes be 
seen microscopically in the discharges from the wound, 
but it is not possible to be sure that they are Cl. ietani 
(see p. 165). This, however, can be proved by the 
subcutaneous injection of mice or guinea-pigs with 
material from the wound. One of the animals may 
simultaneously be protected by a dose of antitoxin, in 
which case tetanic symptoms develop only in the un- 
protected animal; the specific action of the serum 
proves that they are really due to Cl. tetani. Cultiva- 
tion is too slow to afford a useful clinical diagnosis. 
The condensation water of a boiled blood-agar slope 
(or Fildes medium) is inoculated and the culture in- 
cubated anaerobically for one or two days. If a deli- 
cate film of growth (see p. 165) spreads upwards from 
the water, it can usually be proved to consist of tetanus 
bacilli. 
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The organisms of Gas -gangrene 
or Malignant oedema 

The most important of the spore- bearing anaerobes 
found in this serious type of wound-infection are 
Cl. welchii and Cl. septique (or Cl. oederruitis maligni). 
Their characters, as shown in Table XVHI, p. 161 
and Fig. 22, are much alike, the chief primary distinc- 
tions being the capsulation of Cl. welchii and the 
motility of Cl. septique. The latter is generally the 
longer of the two : both are stout, but less so than Bac. 
anthracis. The subterminal position of the spore dis- 
tinguishes them from Cl. tetani. Capsules are formed 
fairly constantly by Cl. welchii in the tissues, but 
cannot always be demonstrated in cultures. Both 
species ferment a number of carbohydrates with gas- 
})roduotion. The action of Cl. welchii on litmus milk 
is a very characteristic stormy fermentation’, i.e. 
rapid acidification, coagulation, and gas-formation, 
which disrupts, inflates, and displaces the clot. 
Although Cl. septique produces all these effects, it 
produces them so much le.ss quickly and violently 
that confusion .seldom arises. This difference finds its 
parallel in the action of the two organisms on the 
tis.sues in gas-gangrene, for whereas emphysema 
(blowing out with gas) is a striking characteristic of 
Cl. 2 velchii infection, it is much less pronounced with 
Cl. septique. Both have some })roteolytic action on 
cooked meat and coagulated serum, but it is much 
weaker than that of some of the less important mem- 
bers of the group, e.g. the non- toxic Cl. histolyticuniy 
which is often found in gas-gangrene in a.ssociation 
with the more pathogenic species. This organism can 
digest even living tissues. 

The pathogenic action of these organisms on animals 
such as guinea-j)igs and rabbits depends on their 
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^cotoxirus. Wttshwl cells and spores ore usually unitf. 
harmless. The lesions are of the same tyix^ as Uk' . 
of the natural disefise. 


Gas-gamjrene in man. In the wars of the pre-anti- 
septie era tliis disease was the seourge of niilitarv 
hospitals. Carrie<l from wound to wound by the igno- 
rance of do(‘tors and nurses, it made the hospital mon* 
a menace than a refuge. Just as in tetanus, it is only 
in damaged and necrotic tissues that the spores cun 
germinate; clean wounds, free from soil or otlier 
foreign matter, are seldom alTected. Th(‘ lesion is an 
acute, spreading, haemorrhagic, inflammatory, and 
gaseous oedema of the connective tissues. Toxins 
are produced, ditluse outwards, and extend the dam- 
age. Absorption into the blood-stream causes organic 
disturbances, fever, and degeneration of ])arenehy- 
matous tissues. Invasion of the blood is not un- 


common, and in fatal cases a gaseous decomposition 
of the body sets in with great rapidity. A similar 
decomposition is seen when an animal, after having 
been injected with a culture (especially of Cl. ivelchii)y 
is killed and its body incubated overnight. 

Apart from gas- gangrene there is evidence that ‘wel- 
chii’ toxin is one of the causes of intoxication in 


intestinal obstruction y and that the symptoms can be 
alleviated by injections of antitoxin. 

Diagnosis. The mixed character of the infection, in 
which aerobics cocci and other bacteria share with the 


anaerobes in the production of the lesions, makes a 
quick bacteriological diagnosis inii)ractieable in most 
cases. Treat numt must therefore be based on the 


clinical signs and symptoms. 

Antitoxin-therapy. There is goo<l evidence that 
intravenous injection of horse-antitoxin alleviates the 
toxaemia and may save life. Probably the best 
practice is to give a mixture of antitoxins against Cl. 



BACILLUS, CLOSTRIDIUM 173 

loelchiij septiqm, and oedematiens, the last-named being 
the third of the toxic gas-gangrene organisms. The 
potency of the serums should be controlled by means 
of the League of Nations international standard 
serums. On the prophylacfic side the scanty records 
suggest that a timely injection of mixed serum may 
prevent the development of the infection in badly 
wounded persons. 

Clostridium botulinum 

(Meat -poisoning or botulism) 

This organism (Table XVTII, p. 1(>1) is notable for 
its habit of growing in minced or preserved moat, such 
as ham, sausages (Lat. hotuU), or canned foods, where 
it produces a toxin which has an evil effect on the 
consumer. 

The cell is about the same size as Bac. anthracis, but 
motile, and its sj)ores are terminal or subterminal. It 
has no very striking cultural peculiarities, and it is dis- 
tinguishable from other anaerobes chiefly by the symp- 
toms produced in animals by the toxin in culture 
filtrates. A large dose causes paralysis and death 
within 24 hours ; smaller doses produce a more chronic 
paralysis chiefly localized in the injected limb. The 
action is chiefly on the end -plates of the nerves in 
muscles. Unfortunately, the species does not produce 
a single toxin, but there are at least three varieties, A, 
B, and C (? also D and E), each with a toxin of different 
antigenic constitution. Thus the antitoxin, which is 
of considerable value in the treatment of botulism, 
must be prepared against all three types of toxin. 

The symptom^s of botulism are entirely due to intoxi- 
cation, for the microbe does not multiply in the body. 
The commonest are vomiting, thirst, paralysis of ocular 
and pharyngeal muscles, salivation and, in the worst 
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cases, delirium or coma and death. The mortality is 
often very high ; nearly 70 per cent, in some out- 
breaks, but it may be as low as 20 per cent. 

The diagnosis, made on clinical grounds, often needs 
to be confirmed, and the infection traced, by examina- 
tion of the incriminated food, if available. A suspen- 
sion of the material is made in saline and injected 
intraperitoneally into two mice, one of which has been 
previously treated with polyvalent antitoxin. Death 
of the unprotected mouse proves the toxicity of the 
food ; survival of the other proves the nature of the 
toxin. Cultures may also be made from the food in 
cooked meat medium, incubated anaerobically for 
10 days, filtered and tested on animals for toxicity. 



CHAPTER XII 

THE PATHOGENIC SPIROCHAETES 

TREPONEMA {Syphilis; Recurrent fever) 
LEPTOSPIRA {Haemorrhagic Jaundice) 

Spirochaetes (Fig. 23) are spiral rods which differ 
from other bacteria in being motile without flagella. 



Fig. 23. ^Spirochaetes 

A. Trrpmcvia pallitium. 

H. Treponema recnrrertis. 

C'. icterohaemorrhagiae . 

Their rapid corkscrew progression is caused by un- 
dulation of the body. In some species there is also a 
lashing movement of the body as a whole. 

Ordinary bacterial dyes stain spirochaetes weakly or 
not at all. With the Giemsa or Leishman stains they 
take a pale blue or pinkish tint unlike the deep blue of 
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other bacteria. Cultivation is, in general, difficult, and 
can generally only be done in liquid or semi-liquid 
serum or blood-media in anaerobic or semi -anaerobic 
conditions. Multiplication is by tran verse fission. 
The extreme tenuity of many spirochaetes, whose 
diameter may be as little as 0*2/x, sometimes enables 
them to pass throiigli bacteriological filters. 

The majority of the spirochaetes live sapropbyti- 
caUy in stagnant water and in the intestines of 
animals. Three species, however, are of great medical 
importance, viz. Treponeina pallidum (syphilis), Trep. 
recurrent is (relapsing fever), and Leptospira icterohae- 
morrhagiae (haemorrhagic jaundice or Weil’s disease). 

Treponema pallidum 

(Syn. Spirochaeta pallida. Schaudinn, 1905) 

This is a thin spiral organism with tapered ends, 
some 0*25p in breadth and from 3 to I2p in length 
(Fig. 23). The spirals arc close, regular, and rigid, with 
a wave-length of about Ip. The spirochaete may be seen 
by dark ground illumination in scrapings from the 
primary sore or chancre of syphilis, and in silver- 
impregnated sections of infected tissues. 

Cultivation is too difficult for routine work, and 
has in fact only occasionally succeeded. It is done 
anaerobically in a serum-water or serum-agar medium 
containing a piece of fresh rabbit-kidney, which 
low'ers the Eh (p. 36) and provides accessory growth - 
factors. In practice the spirochaete is kept growing 
by injection into the testicles of rabbits, where it 
causes chronic inflammatory lesions ; or into mice, in 
the tissues of which it survives and multiplies with- 
out causing any definite lesions or symptoms. 

Pathogenicity. Man, apes, and rabbits are suscep- 
tible to natural or experimental infection. It is to be 
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noted that rabbits suffer from a natural infection 
(rabbit syphilis) with another species of spirochaete 
(Trep. cuniculi). 

Syphilis in man. The initial lesion is usually on the 
external genitalia. It may also occur in the mouth or 
rectum, and occasionally on the fingers or other parts 
of the skin. Infection is almost invariably by direct 
sexual contact, and the organism is supposed to enter 
through insignificant cracks or abrasions, but there is 
good evidence that in rabbits it can penetrate intact 
preputial skin and mucous membranes. Rare instances 
of infection by contaminated drinking-vessels, tobacco- 
pipes, &c., undoubtedly occur, but the spirochaete is 
so feebly resistant to drying, light, &c., that only the 
immediate use of articles after contamination carries 
much risk. 

The primary chancre which appears within 4 weeks 
from infection, begins as a small vesicle which soon 
ruptures, forming a tiny ulcer. This enlarges and its 
base hardens with leucocytic infiltration and fibrosis. 
Plasma cells and lymphocytes are more in evidence 
than polymorphonuclear leucocytes ; and large macro- 
phages, with occasionally some giant-cells, are also 
seen. The regional lymph-nodes become enlarged after 
a time, and though there are as yet no general symp- 
toms, the spirochaete may already have passed into 
the blood-stream. 

The seccmdary stage seta in some G to 12 weeks from 
the onset with fever, rash, and other symptoms of 
generalized infection. 

In untreated cases, now’ very rare, this leads on to 
the tertiary stage, which lasts for months or years and 
consists of ulcerating and necrotic granulomatous 
lesions or gummata in all parts of the body ; skin, 
internal organs, bones, and brain. 

Finally, long after apparent recovery, a para- 
N 
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syphilitic stage may set in, due to an inflammafcorv 
degeneration of the spinal cord and brain (tabes 
dorsalis or locomotor ataxia, and general paralysis 
of the insane). 

In the secondary stage the whole body is invaded by 
the spirochaete. In the tertiary and parasyphilitic 
stages only scanty organisms are found in the gum- 
luata and central nervous s 3 \stem. 

Latent infection. In some cases the organism, after 
causing an insignificant primary" lesion, and no other 
symptoms, finds its wav in small numbers into the 
central nervous system, where it lies latent for years, 
to manifest itself ultimately in the form of para- 
syphilitic paralysis. Persons thus infected may be 
entirely unaware of the fact ; but it is likely that in the 
early stages they are infedious to others (i.e. are 
carriers). 

Congenital syphilis. Syphilitic mothers mav^ infect 
their unborn babies by the passage of spirochaetes 
through the placenta. There is no convincing evidence 
of paternal infection of the fertilized ovum. 

Immunity. The human race has a poor natural 
resistance (p. 228) to Trep. pallidum. The specific 
defence-reaction is inadequate for the total elimination 
of the infection. No specific bactcriol 3 ^sins, opsonins, 
or agglutinins are generally demonstrable in the blood. 
Inoculation experiments on rabbits and man have 
proved that the invasion of the spirochaete quickly 
produces a degree of resistance in the tissues, so 
that a secondary primary sore generally cannot be pro- 
duced by a new dose of spirochaetes. But it seems that 
the species contains different races which do not 
protect against each other, so that a superinfection 
is possible if the second attack is by a race anti- 
genically different from the first. The resistance to 
reinfection, which is evident in man and can be demon- 
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st rated experimentally in rabbits, is conditioned, as 
in tuberculosis (p. 149), by the persistence of living 
spirochaetes in the body. It seems that as soon as all 
spirochaetes are eliminated, the refractory state of the 
tissues disappears. The immunity, in other words, is 
an infection-immunity in which the multiplication and 
spread of the organism are kept in check, but the tissues 
seldom, if ever, rid themselves completely of the 
spirochaete without outside assistance. 

Chemotherapy . In the early stages of syphilis cer- 
tain organic compounds of arsenic, e.g. salvarsan and 
its later substitutes, exercise a powerful anti-spiro- 
chaetal effect ; but the action is not a direct destruction 
of the microbe, but probably a stimulation of phago- 
cytosis by a kind of opsonic action of the drug on 
the microbe (p. 259). 

Diagnosis. Scrapings from the primary chancre are 
examined by background illumination. The identi- 
fication of Trep. pallidum is assisted by measurement 
of the spirals with a special ruled micrometer eye- 
piece. Other spirochaetes are usually present; of 
these Trep. re fr ingens is much larger and thicker than 
Trep. palliduin, but there are various saprophytic 
species, both on the genitalia and in the mouth (e.g. 
Trep. genitale and Trep. microdent ium), which are 
more easily confused, and considerable experience is 
needed for successful differentiation. 

The serum -test for syphilis. Wassermann 
reaction. Flocculation tests. 

In the early days of bacteriology, as soon as the 
diagnostic importance of the antigen-antibody re- 
actions had been recognized, the attempt was made to 
apply them to the diagnosis of syphilis. The impossi- 
bility of cultivating the spirochaete ruled out the 
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agglutination- test, and attention was therefore turned 
to the complement-fixation reaction. To explain the 
rather complicated principles of this reaction a digres- 
sion into the subject of haemolysis is necessary. 

Haemolysis. If some red blood cells of an animal 
(e.g. a sheep) are injected into an animal of another 
species (e.g. a rabbit), the blood serum of the latter 
acquires, after some days, the property of haemolysing, 
i.e. dissolving the red corpuscles of the former species. 
Now this action has l)een shown to depend on two 
separate substances or properties in the serum. Thus, 
the lytic power of the serum weakens rapidly at room- 
temperature and entirely disappears in four or five 
days. Heating to 55® C. for half an hour similarly 
inactivates the serum ; but in both cases it can be 
reactivated by adding a little fresh serum of any 
animal, even of the species from which the red- blood 
cells sprang. The substance or property which is 
in activated by hea ting, &c., is called complement, 
because its action is complementary to that of the 
heat-resisting (thermostable) substance. This latter is 
known as haemolytic antibody or haemolysin. It has 
the property of combining specificaUy with the appio- 
priate red corpuscles and ‘sensitizing’ them to the 
lytic action of complement, ^ther names for it are 
(haemolytic) immune body, and amboceptor, which 
indicates its power of combining simultaneously with 
corpuscles and complement (p. 242). Since ambocep- 
tor is very stable, strong haemolytic serum is generally 
prepared long in advance (e.g. by manufacturers) 
and stored for future use. Complement is provided on 
each occasion in the form of fresh normal guinea-pig 
serum ; that animal having proved the best and most 
convenient for the purpovse. The principle of the 
haemolytic reaction may be presented schematically 
thus: 
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Scheme of Haemolytic Reaction 
Antigen + Amboceptor -f Complement 
(Sheep’s red cells). (Heated serum of rabbit (Fresh guinea-pig 
immunized against serum), 

sheep’s red cells). 

Result: Lysis (laking) of the red cells. 

Bacteriolysis. A reaction based on precisely the 
same principles occurs between bacteria and their specific 
antiserum. The bacteria take the place of the red cells ; 
the amboceptor is an antibacterial antibody, and the 
complement is the same as before ; thus : 

Scheme of Bacteriolytic Reaction 
Antigen -|- Amboceptor -f Complement 
(Bacterium) (Heated serum of rabbit (Fresh guinea-pig 

immunized with the serum), 

bacterium). 

Result: Lysis (solution) of (ho bacteria. 

In the cmirse of eJther of these reactions the comple- 
ment in the mixture (if not present in too great a quantity) 
is nsed up^ so that if we .set up a new’ haemolytic test 
and use, instead of fresh complement, the final fluid 
from an already completed haemolytic or bacteriolytic 
test, no complementary action will occur and there- 
fore no haemolysis w ill take place. We shall thus have 
proved the absence of complement in the fluid; the 
complement having been fixed in the previous reaction 
by the sensitized red cells or bacteria. This brings 
us to the definition of complement -fixation as the re- 
moval of complement by a combination of antigen ivith 
its specific antibody. 

Concerning the mechanism of complement fixation 
it is fairly clear that the first effect of the combination 
of antigens and antibodies is a mutual precipitation 
(p. 241). If the antigenic substance forms part of the 
surface of a cell, as it does in the haemolytic and bac- 
teriolytic reactions, the precipitation or increased 
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colloidal aggregation occurs invisibly on that surface. 
If, however, the antigen is in colloidal solution, as it 
is in the case of toxins, a visible precipitate is formed. 
In either case it is during the formation of precipitated 
aggregates of antigen and antibody that complement is 
absorbed and removed from the fluid. It is, however, 
not only aggregates of this kind that absorb comple- 
ment ; almost any colloidal ])articles of a certain size 
will do so. This the specific element in the haemolytic 
and bacteriolytic reactions is not the fixation of the 
complement, but the combination of the antibody with 
its antigen, which leads to complement-fixation as 
a secondary result. 

Now it is evident both in the haemolytic and the 
bacteriolytic reactions that if the antigen used does not 
specifically correspond with the amboceptor no com- 
bination or visible reaction will take place and there- 
fore no complement will be fixed. The persistence of 
complement in the test-mixture can be (lemonstrated, 
as before, by using it (after eentrifugalization) in place 
of fresh guinea-pig complement in a new haemolytic^ 
test. In this case the second reaction will be positive, 
i.e. haemolysis will occur. This, then, is a method that 
can be used either to identify an unknown antigen 
(e.g. a bacterium), by testing its complement-fixing 
power with a range of known antibodies : or, alter- 
natively, to detect specific antibodies in a serum for 
diagnostic purposes, by testing it against a range of 
known antigens. 

This system of reactions having proved useful for 
the diagnosis of certain infections, it was natural to 
explore its utility in syphilis. But in order to detect 
antispirochaetal antiboclies in the blood a spirochaetal 
antigen was necessary. Cultures of the organism, 
however, were not available. How , then, was an anti- 
gen to be obtained ? It occurred to Wassermann that 
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enough spirochaetal antigen could be extracted from 
the liver of a congenitally syphilitic foetus. Success 
was immediate ; the foetal liver-extract, used as antigen 
and mixed with blood from a syphilitic patient gave 
complete comy)lement fixation. 

At first this seemed a triumph of deductive reason- 
ing, but it soon proved to be merely a piece of luck. 
The observation was controlled by others with an 
extract of a normal human liver as ‘antigen’, and this, 
strangely enough, was found to work equally well. 
Further researcli showed that extracts of various 
normal organs, including cardiac; muscle, could be sub- 
stituted for the syphilitic; liver without any loss of 
specificity, and it eventually l^ecame clear that in this 
c-ase the fixation of complement is not the result of a 
specific antigen -a lit ibodij combination, but of a precipi- 
tation or flocculation of a lipoid constituent of the 
organ-extract by some unknown constituent, probably 
not a specific antibody, which is present in syphilitic 
blood in far higher concentration than in normal 
blood (Table XX). 

In spite of this thoroughgoing falsification of its 
theoretical basis, the reaction remains one of the most 
specific and reliable of our serological tests. In practice 
large batches of extract (to which the term ‘antigen’ 
sticks tenaciously) are pre])ared by the alcoholic 
extraction of llie muscle of calves' hearts after pre- 
liminary treatment with acetone. It is customary to 
add a small quantity of alcoholic solution of chole- 
sterol, which increases the sensitiveness of the extract. 
For the test a small quantity is mixed with a measured 
volume of saline solution, which results in a cloudy sus- 
pension of microscopic particles of lipoid. It is the in- 
visible aggregation of these particles under the action 
of syphilitic serum that effects the fixation of com- 
plement. 
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Table XX 
Tests for Syphilis 

(1) The Wfiffftermann reaction 


Primary mixture Incubation Addition to pri- Result 

fnary mixture 


A. 

Diagnos- 
tic test 


B, 

Control 

test 


Heart- nnisclc 
extract (i.c. 
pseudo-anti- 
gen) 

Syphilitic scrum 
(heated oj' C. 
30 mins.) 

Co 111 pie men t 
(fresh guinea- 
pig-serum) 


(‘oinplement 

fixed 


Heart-muvscle \ 

extract 1 roniplement 

Normal serum \ remains 

(heated as / free 

alxive) I 

Complement / 


Sheep's red cells 
sensitized with 
amlKJCeptor 
(immune rabbit 
serum) 


(Haemo- 

As above (lysis 


No haemo- 
lysis 


(2) Flocculation reaction 


A. 

Diagnos- Heart-muscle ) 

tic test extract / Visible flocculation 

Syphilitic serum ! 

B. 

Control Heart -muscle 1 

t^st extract j No flocculation 

Normal serum ) 


The flocculation reaction. By suitably arranging the 
strength of the extract-suspension tlie aggregation of 
the particles can he made visible, and the whole reaction 
is vastly simplified. It is no longer a complement- 
fixation, and no haemolytic system is needed, for 
we are directly observing the process of which the 
complement and the rest were merely indicators. 
A great variety of methods have been based on this 
principle : the Sachs-Georgi reaction ; Kahn’s reaction ; 
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the Sigma test of Dreyer and Ward, and numerous 
others. 

The flocculation method is fundamentally simpler 
than the Wassermann, since it dispenses with the 
menagerie of animals required for the latter (guinea- 
pig, rabbit, and sheep), and is at least as accurate. 
Both types of reaction should be done quantitatively, 
by putting up a series of tubes with graded dilutions 
of the serum and constant quantities of the other 
reagents. For the Wassermann test preliminary titra- 
tion of both amboceptor and complement is necessary 
to find out how much to use in the actual test. 

Results of serum tests. The Wassermann and floc- 
culation reactions give identical results about 95 times 
out of 100. Either may give an occasional false result, 
so that it is a common custom to do both with every 
serum. 

The blood begins to give a positive reaction soon 
after the appearance of the primary chancre ; in the 
secondary stage practically every case is positive, but 
later in the disease the average flocculating power of 
the serum sinks, with the result that between 15 and 
20 per cent, of tertiary and parasyphilitic cases give 
a negative reaction. 

Apart from syphilis, a positive reaction occurs 
regularly in Yaws, a tropical granulomatous infection 
of the akin with Trep, pertenue, which appears to be 
a variant of Trep. pallidum ; and also in relapsing 
fever. The numerous reports of occasional reactions 
in certain other diseases are of doubtful validity. 

The reaction usually becomes negative during treat- 
ment, but this is not a certain indication of cure, as it 
may revert to positive again later. 

In addition to the blood-serum, the cerebrospinal 
fluid gives the reaction in a large proportion of cases of 
cerebrospinal and post-tertiary syphilis. 
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Treponema recurrentis 

This spirochaete is the cause of relapsing fever 
w hich is prevalent in eastern Europe, Asia, Africa, and 
America, and was not iincommon in England up le 
1870. The (liffert'iit eontinent.s have Dieir own names 
for the disease and for the causative spiroehaetes, 
which are all variants of a single species. 

Trep. recurrentis is a long organism with a spiral 
wave-length of about 2/i, roughly twice that of Trep. 
jmlUdnm. (Fig. 23, p. 175). During an attack of fever, 
which occurs in bouts of about 4H hours at intervals of 
from 2 to 21 days, the spirochaete can be se^en in tlu* 
blood by dark ground illumination, or may be stained 
in dried films by Giemsa's or Jxushman’s method. 
Rosette-forms, consisting of a number of spiroehaetes 
adherent by one end, may be seen in the blood — appar- 
ently resulting from specific agglutination. Cultivation 
is easier than that of Trep, jMllidum, and is done in 
similar media under anaerobic or semi-anaerobic con- 
ditions. 

Transmission of infection is by the bite of ticks and 
lice, in the stomachs of which the spirochaete can be 
.seen after an infected feed. The organism is patho- 
genic to man, monkeys, and various rodents. 

Immunity. During the first attack specific anti- 
bodies which agglutinate, opsonize, and lyse the 
organism are formed in sufiicient quantity to enable 
the reticulo-endothelial cells, especially of the spleen, 
to clear the blood ; but a few spiroehaetes lurking in the 
tissues escape destruction, and after a time begin to 
multiply again. The new strain is serologically altered 
and resistant to the antibodies evoked by the original 
strain. To eliminate this second wave of infection new 
antibodies have to be formed, and the same process 
may be repeated until the repertory of the spirochaete 
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is exhausted. The resulting immunity lasts for one or 
two years, after which reinfection is not uncommon. 

Chemotherapy. Salvarsan and other arsenic com- 
pounds are as effective in relapsing fever as in syphilis. 

Rat -bite fever, A human fever of the relapsing type 
which follows the bite of rats is caused by a minute spiral 
organism with flagella at each end. Since spirochaetes 
have no flagt'lla this organism is classed as a Spirillum 
(S, minus). Some cases of this disease, however, are 
due to an Actinomyces (Act. muris). 

Leptospira icterohaemorrhagiae 

This spirochaete is primarily a parasite of rats and 
certain other rodents, in the kidneys of which it lives 
and multiplies without causing obvious illness. In- 
fection reaches man through stagnant water or mud 
infected with rat's urine, and gives rise to a serious and 
sometimes fatal haemorrhagic jau nd ice (Weil's disease). 
In clean fresh water and sea water very small numbers 
of the organism can often be detected by cultural 
methods. 

The spirochaete is very thin and so closely coiled that 
at first sight it looks like a chain of granules. One or 
both ends are usually bent in a hook, and the organism 
whirls and spins at a tremendous speed without much 
change of position. In heavy human infections it can 
often be seen in the blood by dark ground illumination ; 
otherwise it is detected by the injection of the blood 
into guinea-pigs, which die in a few days with jaundice 
and haemorrhages into the subcutaneous tissue and 
serous cavities. The agglutinai ion- react io7i with the 
patient’s serum and the formolized sediment of a fluid 
culture of the leptospira is also diagnostically valu- 
able. 

Cultivation is fairly easy under aerobic conditions 
in semi-solid agar mixed wdth fresh rabbit's blood. If 
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the material from which cultures are made is contami- 
nated with other bacteria it may be purified by filtra- 
tion through porcelain etc. (p. 207), since Lept. iciero- 
haemorrliagiae will usually (though not always) pass 
through ordinary bacteriological filters. 

A similar but non-pathogenic leptospira (L. hiflexa) is 
common in dirty water and in dripping taps. A variety 
that inhabits the kidneys of wild mice appears to bo 
intermediate in virulence between these saprophytes and 
the pathogenic species carried by rats. The agglutination 
reaction proves that L. icterohaemorrhugiae and L. biflexa 
are distinct species or varieties. 
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PROTOZOA; FUNGI: 

BACTERIA OF MINOR MEDICAL IMPORTANCE 

PROTOZOA 

{Malaria; sleeping sickness; kala-azar; amoebic 
dysentery 

Plasmodium Malariae (&c.) 

(Malxiria) 

The name malaria expresses the primitive observation 
that the infection comes from bad air — the cold, damp 
air of nightfall in marshy places. Modern science has 
shown that danger is not in the air itself but in the 
mosquito flying in the air; and, further, not in the 
mosquito itself, but in the microbe it carries. 

Malaria is an intermittent fever with anaemia due 
to the destruction of red corpuscles. Enlargement of 
the spleen is very common. The disease is widely pre- 
valent in tropical climates and causes an immense 
deterioration of health and considerable loss of life. 
Three varieties are recognized (p. 192) according 
to the periodicity of the attacks and the average 
severity of the illness. In benign tertian malaria there 
is an average remission of 48 hours between the attacks ; 
in the benign quartan type, 3 days. The malignant or 
aestivo-autumnal variety has a remission interval of 
from 24 to 48 liours (subtertian). These int/ervals 
correspond to the time required by the parasite for its 
a^sexval developmental cycle (schizogony) in the blood, 
the stages of which are shown in Fig. 24. 

Life-cycle of the paramte. As soon as the organisms 
are introduced into the blood by a mosquito- bite they 
enter red blood -corpuscles and develop first into ring- 
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forms, then into half-mature and finally into mature 
plasmodia. While still in the cell the plasmodium, 
which at this stage is called a schizont, divides into a 



Fio. 24. Parasite of Malaria 
Dovolopniontal Cycles 

Inner circle. Schizogony. M«t. Mrrozoltcs. 11. — ring- 
formfl in erythrocyte*. I’l. PlaHinoUiuin in erythrocyte. 

Sch. Scliizont in rrythroiyte. 

Outer circle. Sp. — Sjwrozoitc.s. k. and PI. as before, 
0. — Garaetocytes. Mai. = Malignant type. Pen. -- Benign 
t>pe. 


number of small merozoiles. These are set free by the 
rupture of the cell and become attached to new 
erythrocytes in which (or possibly on which) they 
repeat the asexual cycle again and again. 

After the disease has been running for a week or 
more, an occasional schizont, instead of developing 
into a new plasmodium, takes a different line and 
becomes a sexual cell, or gametocyte. In the benign 
forms these are hardly distinguishable from plasmodia. 



MINOR MEDICAL IMPORTANCE 191 

though the female macro-gametocytes may sometimes 
be identified by their great size ; but in malignant 
(aestivo-autumnal) malaria they assume the character- 
istic form of crescents (Fig. 24). No further develop- 
ment of these cells occurs in the human body, but if 
the blood is sucked by a mosquito, the gametocytes 
start a new sexual cycle of development (sporogony) in 
the stomach of the mosquito. The male or microgame- 
tocyie develops a vibratile flagellum which enables him 
to swim about in search of a mate. Allured by the 
chemical aroma of the female he effects a fusion and a 
zygote is formed. This cell, being motile and elongated, 
penetrates the muscle of the stomach wall, where it 
becomes a walled sporocyst inside which by repeated 
divisions a large number of long, thin cells, the 
sporozoites^ develop in a radiate arrangement. When 
full-grown the sporocyst bursts, liberating the sporo- 
zoites into the body-cavity, whence a number find their 
way into the salivary -poison gland. It is the injection 
of these cells into the human blood with the mos- 
quito’s venom that starts the asexual cycle described 
above, the sporozoites entering the red cells and 
developing into adult plasmodia (schizonts). Owing 
to the fact that the sexual cycle occupies 10 or 12 days 
the mosquito is not infectious after an infected feed 
until this interval has elapsed. 

Cultivation of the parasite is not possible in arti- 
ficial media, but schizogony will proceed outside the 
body in defibrinated blood incubated anaerobically. 

Channels of infection. Direct man to man infection 
does not occur in malaria. Animals are neither 
naturally nor experimentally susceptible. The disease 
has been transmitted to a human volunteer in Eng- 
land by mosquitoes fed on malarial blood in Italy and 
sent to England for the purpose. 

Defence and immunity. The merozoites are taken up 
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and destroyed by phagocytes, but we have no evidence 
that specific antiVjodies play a part in defence. Im- 
munity is gradually acquired by repeated atta(;ks. 
If complete elimination of the parasite is achieved, 
susceptibility soon returns. Often, however, an appa- 
rent immunity is due to the persistence of the parasite, 
whose multiplication is kept in check (infection- 
immunity) ; in other words a balance is set up between 
parasite and host. The indigenous ])opulation of a 
malarial district generally has a considerable infection- 
immunity, and suffers far less frequently and severely 
from the acute illness than visitors from non-rnalarial 
regions. 

Benign malaria is seldom directly fatal, and the 
fatality of even the malignant form is not very high. 
But repeated attacks of the latter may lead to a very 
serious condition known as Blackwaier fever, in which 
the urine is dark with pigment originating from the 
intravascular destruction of red corpuscles. It is 
believed by some that the constant use of quinine 
plays a part in the genesis of the condition, but there 
is no conclusive evidence of this, nor of the participa- 
tion of secondarily infe(‘ting organisms or special 
parasites. 

Diagnosis. Dried films of the blood are stained by 
one of the Romanowsky methods (Leishman or 
(Jiemsa) and the corpuscles are searched for parasites. 
Quinine must be withheld previous to the blood- 
examination, since it greatly reduces the number of 
parasites. 

Prevention. Since the A nopheles is the sole vehicle of 
infection, prophylaxis resolves itself mainly into an 
antimosquito campaign. The breeding-ground of the 
creature is in stagnant water and marshy places, so 
that drainage where possible is the first step. Next, 
the larvae which come to the surface to breathe can be 


O 
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stifled by a thin layer of paraffin poured on the surface 
of ponds, water-butts, and the like. Individual pro- 
tection by mosquito-nets at night is, of course, essen- 
tial. In the Italian conquest of Abyssinia a daily dose 
of quinine completely protected the Italian soldiers 
from malaria. 

The malarial treatment of parasyphilis. Syphilitic* 
general paralysis is often greatly ameliorated by super- 
vening febrile infections ; and of these malaria has the 
most pronounced effect. This fact is exploited in the 
malaria-treatment of the disease by injections of 
infected blood, which cause prolonged remissions of 
the symptoms, though without permanent cure. 

Trypanosoma 

(Sleeping -sickmees^ d:c.) 

The trypanosomes (Fig. 25) are small, sinuous, 
wormlike, motile protozoa averaging about 25/x in 
length and 2~3/x in breadth. They have an undulatory 
membrane along one margin, terminating in a flagellum 
which projects forwards during movement. A macro- 
nucleus is to be seen near the centre of the body, and 
a tiny micronucleus or kinetoplast is situated at or 
near the origin of the undulating membrane at the 
rear end of the parasite. 

Multiplication is by simple longitudinal division. No 
sexual cycle has been demonstrated, but it is thought 
that one may take place in the carrier insect (p. 192), 
since it does not become infective for about 20 days 
after an infected feed (cf. ‘malaria’, p. 191). In a 
Brazilian trypanosomiasis the organism (T. Cruzi) 
when multiplying in muscle- cells takes a form like 
Leishmania (Fig. 25. IV). 

Cultivation of several species has been done aero- 
bically on fresh, moist blood-agar. 
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Sleeping-sickness (T. gawbiense) is especially pre- 
valent on the west coast and various other parts of 
Africa. The characteristic nervous symptoms, lethargy 
and increasing drowsiness, are due to the pentration 



Fig. 25. 

1. Knta^noeha histoJiftica. II. Entamoeba noli. 

III. Tr;/pano.sonta. IV. Lci^hmania. 

I. Entamoeba hiMolytira (Am.) and two cysts (Cy.). R.C. • ingested red 
cells, Ps. ectoplasmic paeudopod. Nuc. Nuclei. Vac. Vacuole. 

Chr. -- Chromatoid bo<lips, 

II. Eniamneba coU (Am.) and two cysts (t'y.). Bart. <tc. ^ ingested 

bactcrbi {»n<l food. 

III. Trypanosoma gambiensr (Try.) in blwd. It.C. = Red cells. 

IV. Leishmanin donnvani (L.D.B.) in smear from spleen. End. -- En- 
dothelial cell. Pol, - polymorphonuclear cell. by. Lymphocyte. 


of the parasite from the blood into the cerebrospinal 
fluid, where it causes a progressive meningo-encepha- 
litis. Enlargement of glands, anaemia, fever, and skin 
eruptions are some of the commoner signs and symp- 
toms. Once developed, the disease is usually fatal, but 
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the infection does not by any means always progress 
to the point of causing recognizable symptoms. As in 
malaria, indigenous populations are widely infected, 
and acquire a tolerance for the parasite. It seems that 
cattle and certain wild mammals harbour the trypano- 
some in their blood without suffering harm from it, 
and act as reservoirs for human infection. Similar 
symptomless infections (‘an be induced in guinea-pigs, 
rats, or mice by injection of blood from a case of 
sleeping-sickness. Diagnosis, 2)rev€niion, cbc., follow 
lines similar to those described for malaria. 

Leishmania 

(Kala-azar, d-r.) 

Kala-azar or Leishmaninsi.s is an irrc'gular fever with 
anaemia and wasting, prevalent in India and various 
other parts of Asia and Africa. The liver and spleen are 
enlarged, and ulceration occurs in the intestines, and, 
less frequently, in the skin. The parasites, L. donorani 
or ‘Leishman- Donovan bodies’ (Fig. 2;")), are smallish 
spheroidal or ovoid cells of about diameter with 
two nuclear bodies, a macro- or tropho-nucleus and a 
smaller kinetoplast. In the body they are non-motile 
and have no undulating membrane or flagellum, but 
when spleen juice from a fatal case is mixed with sodium 
citrate solution and kept at about 20° C. some of the 
parasites develop into small, elongated, motile flagel- 
lated organisms like trypanosomes. The Leishmaniae 
are in fact flagellates closely related to the trypano- 
somes. 

Distribution in the body. The parasites are found 
most easily in the spleen, and mainly inside phagocytic 
endothelial cells. They are, however, present in small 
numbers in the liver, marrow % mesenteric lymph-nodes 
and in the circulating blood. In ulcers of the intestine 
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or skin they may sometimes be seen in large numbers, 
but are often difficult to find. 

In some cases of I.^ishmaniasis a chronic skin-ulcera- 
tion (tropical ulcer) is the chief or only symptom. It 
is probable that difFerent varieties of the parasite 
are involved in the different clinical types of the 
disease. 

Mode of transynission. It has been shown that sand- 
flies can transmit the infection from human cases to 
animals (hamster), whidi suggests that they may be 
the chief v(‘hicle of infection. No other mode of 
transmission, e.g. oral, has any experimental support. 

The diagnosis may be made during life by spleen- 
puncture and microscopic examination of dry films 
stained by Leislnnan’s methofl, but the procedure is 
risky. The examination of thick, stained blood-films 
gives a fair j)roj)ortion of successes. 

Entamoeba histolytica 

( A moeb ic dyse n te ry ) 

The symptoms and course of amoebic dysentery are 
generally very much like those of l)acillary dysentery 
(p. 93). Only very careful laboratory examinations 
can distinguish the two conditions. 

The causative protozoon, Eniaiiweba histolytica (Fig. 
25) is a large, irregularly spherical, ovoid, or pear- 
shaped cell of some 20 to 40/x diameter, consisting of 
ectoplasm and endoplasm and containing an eccentric 
nucleus which is not, easy to see in unstained speci- 
mens. In fresh stools examined on a warm stage the 
parasite shows amoeboid movements, and ingested 
erythrocytes may be seen in its protoplasm. 

In the earlier stages of the infection the amoeba 
multiplies by fission, and as the disease settles down to 
a more chronic condition cyst^ appear in the faeces. 
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These are smaller, spherical, thin-walled cells of about 
10-15/Lt diameter, usually containing four nuclei and 
also some long deeply-staining ‘chromatoid bodies’ 
of unknown function. It is by means of these cysts that 
infection is spread, through the ingestion of contami- 
nated food or water, and they may be excreted for 
years after recovery from the disease. Furthermore, 
cysts are often found in healthy persons (carriers) who 
have never suflPered from chnical dysentery. 

Experimental transmission by feeding to human 
volunteers has proved the pathogenicity of the amoeba. 
Kittens and dogs may also be infected. 

Cultivation is not practicable in routine work and 
has only succeeded in a few instances. Media with an 
egg-basis have proved the most serviceable. 

The primary lesion is an ulceration of the mucous 
membrane of the large intestine, preceded by oedema- 
tous inflammation without much aggregation of 
leucocytes. The deeper layers of the mucosa, the sub- 
mucosa, and even the muscle are infiltrated by the 
amoebae, and the tissue-necrosis caused by their 
presence spreads laterally, so that the ulcer undermines 
the still intact membrane. 

A common characteristic complication is abscess of 
the liver, which is really more a necrotic than a sup- 
purative lesion. It contains a thick dark-coloured 
fluid and bits of detached dead tissue. Amoebae are 
not easy to find in the fluid but can be seen in histo- 
logical sections of the abscess- walls. Abscesses also 
occur in the lungs, but much more rarely. An acute 
dysenteric disease can be produced in young cats by 
feeding or injection into the rectum of faeces con- 
taining cysts or of material from liver-abscesses. 

Diagnosis. The microscopic appearance of the 
stools differs from that of bacillary dysentery in the 
comparative scarcity of leucoe 3 rtes (see p. 95). A drop 
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of a very fresh stool should be examined on a warm 
stage for amoeboid movements of the parasite and for 
ingested red cells ; and to another drop a little neutral 
red should be added, to show up the nucleus. For the 
identification of cysts a weak iodine solution mixed 
with some emulsified faecal matter brings out the 
nuclei well and shows up granules of glycogen in 
the cytoplasm. The diagnosis is complicated by the 
frequent presence in human faeces of non-pathogenic 
amoebae, of which Entamoeba coli is the most common. 
Considerable practice is needed to distinguish between 
this organism and Ent. histolytica. It is generally 
larger and contains no red-blood cells, but is often full 
of bacteria and other objects. The cysts, which are 
also on the large side, have a rather more definite 
wall, contain anything from two to eight nuclei and 
seldom show any chromatoid bodies (Fig. 25). 

The Pathogenic Fungi 

( Ri ngworm ; fa v its ; th r iish ; va rious mycoses . ) 

Infection by moulds and yeasts is mainly confined 
to the lifeless surface-structures, such as hair, nails, 
and the horny epidermis ; though deeper invasions are 
by no means rare. 

The moulds or hyphomycetes consist of long, branch- 
ing, septate threads (hyphae) or sometimes chains of 
cubical or ovoid elements. An aggregate of hyphae is 
called a mycelium. Reproduction is mostly by asexual 
spores of various types, called conidia, oidia, asco- 
spores, &c., which generally develop at the ends of 
hyphae, often in special structures called fructifica- 
tions. Sexual reproduction also occurs, mostly under 
unfavourable conditions of nutrition. 

The yeasts or saccharomycetcs are round or oval 
budding cells, which do not form hyphae. Spores are 
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formed, but are not easily distinguishable from the 
vegetative cells. 

Between the moulds and yeasts there exist inter- 
mediate forms with some of the features of both 
(Fig. 26. C). 



Fig. 26, Some pathogonir fungi 
A. Mi^ronpontm auflotn'ni r)n a hair ir» Rinjr- 
worin. a. Oidhnn alhininn in Tlirush. K.S. 
eplthrlial scah'a fioin inoiitli. C. Yoast-like 
fungus from i)lastomyc<)8l8. D. Asperi/iUux. 


Fungal infections. The living tissues, although not 
as a rule primarily invaded, are greatly irritated by 
the products of the parasitic growth and by the 
secondary invasion of pyogenic cocci ; so that sup- 
puration is a common feature. Some fungi, however, 
definitely penetrate the skin or mucous membranes 
and give rise to granulomatous lesions (mycetoma). 
General infection of the blood and internal organs 
seldom, if ever, occurs. 



Table XXII 
F ungus-hfections 
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bronchoaiy* 
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Transmission is either by direct contact or indirectly 
through infected clothes or dust containing hairs or 
epidermal scales. 

Diagnosis is made by direct microscopical examina- 
tion of hairs, epidermal scales, &c., after heating them 
for a few seconds in a dilute alkaline solution (e.g. 
10 per cent. KOH). The form and distribution of the 
mycelium and spores is sufficiently characteristic in 
many cases, but if it is desired to ascertain the species 
accurately, the fungus must be cultivated on a suitable 
medium such as maltose-agar, and its morpholo- 
gical and cultural characters carefully observed. The 
fermentation of carbohydrates, &c., is a valuable means 
of differentiation. 

An abbreviated account of the commoner fungal 
infections is given in Table XXII. It is important to 
realize that the cause given for eac'h disease is merely 
the commonest cause. A single fungus may cause 
more than one type of infection, and a single ‘disease’ 
may be caused by several different fungi. 

I mmiinity -response . In superficial infections there 
seems to be so little absorption of antigens that little 
or no antibody-production occurs. But, when con- 
siderable tissue invasion takes place, precipitating, 
agglutinating, and complement-fixing antibodies may 
be formed. 

Bacteria of Minor Medical Importance 

Fusiformis 

{Gangrenous ami necrotic lesions; Vincent's angirta) 

Under this generic title we include a rather miscel- 
laneous group of organi.sms, all more or loss resembling 
the type -species Fusiforynis fusiformis. This is a Gram- 
negative, non-sporing, anaerobic, non-motile longish rod, 
pointed at both ends, found chiefly in necrotic inflamma- 
tory swellings of the throat and mouth (Vincent’s angina) 
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usually in association with a spirochaeto, Trep. inncenfi 
(Fig. 27). It grows aruierobically on the surface of SfTiun 
or scrum agar in small colonies, like a streptococjcus, and 
in serum-broth it forms wliitish flocculi with little or no 



A. Fun if or 711 is with t*pinK-hart(*H. li. LartohacUlas {ucido- 
idiUus). (’. ('hromolMiiieriutu {ifnHhi/utsutu). 1). Spirillum 
Tubrum. E. Leptolhrix. F. Jiartouella in orythrocylrs. 

turbidity. It is almost completely non -pathogenic to 
animals, and its primary role in th(' human disease is open 
to cjnestion. 

Bacterium alkaligencs 

(Syn. Bae. faecalis alkaligencs.) 

This is a speci<'s or perhaps a mixed group of intestinal 
cornmtmsals which occasionally give rise to a septicaemic 
infection with mild typhoidal symptoms. In general 
characters they resemble the genus Bacterium, but they 
ferment no carbohydrates, and quickly produce an alkaline 
reaction in milk. 
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Chromobacterium 

{prodigi()S}imy viohiceum^ d'C.) 

Numerous saprophytic species of small Gram-negative, 
motile, iion-sporing, unencapsulatcHl aerobic rods, which 
produce intense red, yellow, or violet pigment in massed 
growth, are to be found in water, soil, and occasionally 
in the upper respiratory passages and intestines of man 
and animals. 

Chr. prodig iomim is notorious for having been re- 
sponsible in early times for the miraf*ulous appearance of 
blood-stains on bread and other footls. These organisms 
are easy to cultiv^ate on ordinary m(*dia ; they liquefy 
gelatin rapidly and usually alkalize, coagulat(‘, and pep- 
tonize litmus milk. 

Lactobacillus 

(acidophilus^ btdgaricuSf cbc.) 

This genus contains a number of species of fairly long 
and thin Gram -positive, non -motile, non-s])oring, un- 
encapsulated aerobic rods (some species are anaerobic 
at first), which are found in sour milk, in tlu^ intestines of 
animals and man, and in soil. They liavi* the peculiar 
power of growth at a pH of 3 to 4. They have generally 
no pathogenic action, but c(‘rtain species, e.g. Lact, odon- 
tolyticuSf are found in carious te«*th in such numbers oa to 
suggest that they are at least partly nvsponsible for the 
decay. The readj' production of lactic and other acids 
(without gas) from carbohydrates accounts both for the 
coagulation of milk and for the decalcification of teeth. 
The great Motchnikoff , who is siii^l to have been morbidly 
afraid of death, believing that human life might be pro- 
longed if putrefaction in tlai large intestine could be 
prevented, advocated a diet of sour milk, with the object 
of substituting a flora of lactobacilli for the putrefactive 
anaerobes and other supposedly harmful inhabitants of 
the colon. Lactobacillus bulgaricus has most commonly 
been used, sour milk being a staple diet in Bulgaria ; but 
there is little evidence that the treatment achieves either 
its immediate or its ultimate object. An organism of this 
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genus, Lact, hifidm, is found in large numbers in the 
faeces of breast-fed babies, and another, Lact. acidophilus 
(Doderlein’s bacillus), is common in the same place and 
in the healthy female vagina. 

Spirillum 

Those are spiral, motile, and usually Gram-positive 
rods, with a flagellum or tuft of flagella at each end, which 
distinguishes them from spirochaetes. Apart from tS. 
minus (p. 187) of rat-bite fewer then^ are no pathogenic 
species. Of the saprophytic species the best-lmown is S, 
rubrurn^ a water-organism which produces a pink pig- 
ment on solid media. 


Leptothrix 

A genus of long, thick, unbranched, thread-like 
organisms, class(‘d with Actinomijces and some others 
among the higlier })act<‘ria, which approximate to the 
moulds. It includes th(' interesting iron -bacteria, which 
give a rust-colour to stagnant water in ferrous soils, and 
the normal inhabitant of the mouth and tonsillar crypts, 
Leptothrix hue cdlis (p. 21)0). This organism is Gram-posi- 
tive and grows slowly uikUt aerobic conditions on 
glucose agar or serum-glucose agar, forming tiny colonies 
in 3 to 4 days. Organisms apparently’ belonging to this 
group have been isolated from the cerebrospinal fluid in a 
few cases of meningitis. 

Bartonella 

{Or Of/a fecer) 

In 1915 Barton observetl very small irregular rods 
imide the erythrocytes in Peruvian ‘oroya fever’ and 
verruga peruviana. ']’h(* organism has been cultivated in 
blood media and the disease has beiai transmitted to 
monkeys with pure cultures. It is aerobic, motile, and 
Gram-negative. An organism of similar form and habit 
causes ana<*mia in dogs; and another species causes a 
latent infection in rats, which generally becomes manifest 
if the spleen is removed. 



CHAPTER XIV 


ULTRAMICROSCOPIC AGENTS: VIRUSES: 
BACTERIOPHAGE AND BORDER-LINE 
ORGANISMS 

In many infectious diseases of animals and plants, in 
which exhaustive research has failed to discover a 
visible bacterial cause, it has been proved that the 
infection can be transferred from one individual to 
another by means of the tissue-juices or exudates 
freed from bacteria by filtration through porcelain or 
collodion filters. 

These filtrates clearly contain infective agents belotr 
the size ’limit of microscopic resolution (see below), to 
which the names ‘viruses’, ‘filterable viruses’, or 
‘ultramicrobes’ are variously attached. 

The study of these entities has been difficult and 
slow, since they have all until recently been entirely 
inaccessible to our sens€\s ; but the following characters 
have been established for viruses as a class, though it is 
admitted that the class may prove to comprise entities 
of different kinds : ( I ) they are in general too small to 
be recognizable by simple microscopy ; (2) they pass 
through filters that retain all visible bacteria ; (3) they 
are solid particles ; (4) they propagate only in the living 
cells of higher organisms ; (5) their presence in cells is 
often shown by histological changes (inclusion bodies) ; 
(6) they possess antigens ; and (7) they show adaptive 
variability. 

Size, visibility, and resolution. With ordinary trans- 
mitted light the strongest microscopic lenses cannot 
resolve the images of objects less than 0-25/x in diameter. 
Particles as small as 0*075^ may be visible as dots of 
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indeterminable shape, and with dark-ground illumina- 
tion (p. 18 ) the limit is much lower. 

Resolution, i.e. the production of a formed image, is 
limited by the value of half the wave-length of the 
shortest visible rays (04/i) ; but by using shorter, 
ultra-violet rays, and the camera in place of the eye, the 
form of particles as small as 0-075/x can be determined. 

By these methods it has been proved that many in- 
fective filtrates contain innumerable minute spherical 
bodies, which are accepted as the virus itself. Some 
of the larger ones can be made visible in dry films by 
staining (e.g. Giemsa), which increases their apparent 
size. 

Filtrahility. This implies the ability to pass through 
porcelain filter- candles or collodion membranes w^hich 
retain all ordinary bacteria. 

Now" the passage of minute particles through very 
small pores is not governed solely by mechanical prin- 
ciples. Owing to electrical attraction or adsorption 
the tortuous channels of the porcelain retain particles 
considerably smaller than their ow n diameter, so long 
as the charges on filter-substance and particle are 
opposite. But if we change the charge on the particles 
by adjusting the reaction of the fluid, or that of the 
filter by constructing it of different material, the 
particles will pass through. 

Like bacteria, viruses move tow ards the anode in a 
neutral fluid subjected to a strong electrical field (cata- 
phoresis). In other w ords they bear a negative charge. 

Since the ease and certainty of filtration are also 
affected by other variable factors such as the quality 
of the filter- candles, the presence of particles other 
than virus, the viscosity of the fluid, temperature, and 
filtration-pressure, filtrahility cannot be considered an 
infallible criterion for the presence of a virus. Further- 
more, certain very thin organisms of considerable 



208 ULTRAMICROSCOPIC AGENTS: VIRUSES 

length, such as spirochaetes, and also a number of 
border-line organisms (see below) will pass through 
filters that retain all other bacteria. 

Ultra-jiltratimi is the name given to filtration through 



Fig. 28. Diagram cf relative mic roscopic and infra- 
inicroscopic dimcMiBion.s. Virus, .staphylococcus, 
erythrocyte. 

K — Uunian erythrocyte; 7,0()h iu/j. S Staphyloeoeciw ; 

1,000 m/i. L.K. Driiltol’ resolution ; 250 lu/i. Centraldot - 
a virus ; 100 nia. 

membranes made with graded concentrations of col- 
lodion in such a w ay that their average pore-size can 
be regulated with considerable precision. This can be 
further checked by measuring the rate of flow of water 
at constant pressure, or by testing for the passage of 
mineral particles of known magnitude. The approxi- 
mate measurements of viruses made in this way agree 
fairly well with the microscopic estimates (Table 
XXIII and Fig. 28). 
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Centriftigalization. The ordinary, small centrifugal 
machine is not fast enough to throw down viruses, Wt 
the recently developed super-centrifuges, running in a 
partial or complete vacuum at speeds of 150,000 r.p.m., 
will separate out viruses and give an estimate of their 
size and its constancy according to the rate and 
completeness of sedimentation at given speeds. The 
fact that virus has been deposited is proved by the 
infectivity of the deposit to animals and the non- 
infectivity of the supernatant fluid. 

These experiments prove viruses to be particulate, 
but it is important to remember that proteins under 
the same stresses behave as particles. 

The estimates of size obtained ])y filtration, centri- 
fugalization, and photomicrographic measurement are 
in good agreement and give the figures shown in 
Table XXin and Fig. 28. 


Table XXIII 

Estimated approximate diameters of certain particles 
1 mm. -- 1,(K)0|Z -- 1,000,000 rn/i. 


Human erythrocyte 
Stapliylocoeous 
Border-line bacteria \ 

Very largo virus (psittacosis) j 
Largo virusoH(o.g. vac<*ino; herpes) 
Medium viruses 

Small viruHOH (o.g. poliomyelitis; 

foot and mouth) 

Serum protein.s 


7.000 m/A. 

1.000 m/x. 

300 m/x. 

1 00- 1 oO m^x. 
30-80 m/x. 

8-20 m^x. 
6 ni/x. 


Border-line organisms. Certain minute organisms 
resemble bacteria in having a just visible coccoidal 
or cocco- bacillary form, but would be classed as 
viruses if filtrability were the sole criterion. The 
best known of these are the microbe of bovine pleuro- 
pneumonia and Bacierium prnenmosintes, a harmless 
inhabitant of the human respiratory tract. In axldition 

p 
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we have the Rickettsiae (after Ricketts, their dis- 
coverer), a very interesting group of visible but not 
‘filtrable’ minute rods or coccoids, O-S/x or more in 
length, which are seen in Giemsa-stained preparations 
of the cells in typhus fever. Rocky Mountain spotted 
fever, trench fever, and probably trachoma. There can 
be little doubt that they are the real cause of the typhus 
group of fevers, since they can be found in myriads 
in the intestine of the blood-sucking lice that trans- 
mit those diseases and in the tissues and exudates of 
guinea-pigs after experimental infection w ith the blood 
of human patients. But Koch’s second postulate 
(p. 46) remains unsatistied, since, like the viruses, the 
Rickettsiae have hitherto resisted all attempts at culti- 
vation except in live tissue-cultures, where they live 
and multi})ly in the cytoplasm or even in the nuclei of 
the cells. P’iltrable ultra -microbes of the same order 
of size as the larger viruses, but non-pat hogenic and 
capable of growth in tiny colonies on ordinary media, 
have recently been isolated from sewage. These can 
hardly be called viruses, sin(‘t‘ the latter are by defini- 
tion infective agents. 

Commensal viruses. There is some evidence that the 
cells of certain animal-organs are infested with ‘viruses’ 
which cause no obvious lesions. The cells show' ‘inclu- 
sion bodies’ and the condition seems to be trans- 
missible by the injection of tissue suspensions. 

Resistance to chemical and physical agents. The 
effects on viruses of heat, cold, radiation, desiccation, 
and disinfectants lie, so far as is known, within the 
same range as their effects on the vegetative cells and 
spores of bacteria. Though most viruses are just as 
sensitive as vegetative bacteria to heat and radiation 
(except bacteriophages which survive temperatures 
that kill the host- bacteria), many viruses rather un- 
expectedly show a resistance to chemicals approaching 
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that of bacterial spores. Like bacteria, however, they 
show great individual differences of resistance to 
different agents. Some are inactivated by 0*1 per cent, 
of formalin while others resist twice that concentration 
for long periods. Phenol at 0*5 per cent, or even 1 per 
cent, cannot always be relied on to kill a virus, but we 
must remember that the latter generally has the pro- 
tection of proteins in the filtrate. A higher resistance 
to 50 per cent, glycerine than that of most vegeta- 
tive bacteria is a character of the vaccinia and some 
other viruses, and this is the basis of the preparation 
of vaccine-lymph (which, however, may contain liv- 
ing Staphylococci , &c.). Desiccation is a very useful 
method of preserving viruses, but it is also applicable 
to bacteria. 

Groivih and multi plication of viruses do not take 
place in ordinary culture-media. But in ‘tissue- 
cultures’ of suitable living cells infected w ith virus a 
progressive increase of the infcctivity of the culture 
gives evidence of a multiplication or regeneration of 
the active agent. A very useful recent medium’ for 
propagation is the chorio-allantoic membrane of de- 
veloping hen’s eggs. Most, but not all, viruseVmultiply 
eiionnbiisly and cause progressive lesions in the mem- 
brane and embryo. This method is now^ greatly used 
in place of animal-injections for the maintenance and 
mass-production of viruses. It has recently been 
shown that certain animal-viruses (vaccinia, foot and 
mouth) will live and propagate symbiotically’ in 
yeast-cultures. This provides interesting possibilities 
of dissemination. 

Cell -inclusions and elementary bodies. Viruses are 
essentially cell-parasites. In many of the virus- 
diseases the cells of the disea^sed organs wiien examined 
histologically show abnormal bodies included in the 
cytoplasm and sometimes in the nucleus (Fig. 29). 
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These inclusions have been given different names in 
different diseases: Negri bodies in rabies; Guarnieri 
bodies in small-pox, and the like. They are irregular 
in size, shape, and number. Though usually quite 
small, they may sometimes equal the nucleus in size. 



Fig. 29. Coil-inclusions in virus disoasos. 

Ep, r, - Epidermal colls of chick artittclally Inferictl with 
vaccinia virus. V.B. = Virus IxMlios (coll inclusions). N. 
Nucleus, Vac. - Vacuole, (.\ftor Ludford.) 


from which, however, they are generally distinguish- 
able by a greater affinity for eosin. Until lately it was 
a matter for speculation whether they are peculiar 
degeneration-products or in some obscure way repre- 
sent the virus ; but experiments in which they have 
been crushed, stained, and examined with very high 
magnification, or photographed by ultra-violet light, 
have shown that they consist of innumerable spheroidal 
particles of more or less uniform size. It has already 
been mentioned that similar minute spheroids, the 
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'eleiiieiitary corpiiacles’, may be seen in Giemsa- 
stained preparations from tissues and exudates in 
several virus-diseases, and there is little doubt that 
these particles are actually the virus. They can, for 
example, be specifically agglutinated by a suitable 
antiserum. Inclusions have not bcien demonstrated 
in all virus diseases. 

Antigenic jJ^oijerties. The injection of virus-con- 
taining filtrates into animals gives rise to antibodies 
which, as we have just seen, will agglutinate the ‘ele- 
mentary bodies’ after the latter have been freed from 
cell debris and extractives by repeated washings and 
fractional centrifugalization. The complement - fixation- 
reaction is also given by these serums with the corre- 
sponding virus. As we shall see later, a beginning has 
already been made in the laboratory-diagnosis by these 
metliods of large- virus diseases such as small-pox and 
chicken-pox. The precipitin reaction is also given by 
filtrates freed from elementary bodies, and in the case 
of variola and vaccinia there is good evidence that the 
active precipitinogen is a polysaccharide- hapten like 
those of bacteria. Finally, there is convincing evidence 
of antigenic differences among different races of a 
given virus, e.g. the foot-and-mouth and influenza 
viruses, in that immunity against one race is ineffective 
against another. 

The general nature of antivirus immunity is dis- 
cussed on p. 246. 

Variation a?ul adaptation. The close relation but 
lack of identity of two or more ‘races’ of virus to 
each other is analogous to tlie variation of other living 
creatures. To take an example: the virus of small-pox 
is capable of infecting cattle, causing a similar but 
milder pustular disease (cow-pox), in the course of 
which it is so changed as to be incapable of causing 
amall-pox in human beings; it now gives rise to the 
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much less severe, localized vaccinia. But its chief 
antigenic properties remain intact, so that an arti- 
ficially induced attack of vaccinia (vaccination) pro- 
duces in human beings a solid immunity against the 
original virus of small-pox. Further, it seems that in 
the disease alastrim, which is indistinguishable from 
a mild small-pox, we have a variant race of the same 
species of virus, which has permanently lost some of 
its virulence. 

Animal and vegetable virus-diseases show many 
other similar phenomena, which seem most easily 
interpretable as examples of variation and adaptation 
of a living organism. 

Virus-diseaMs: The main virus-diseases of man and 
domestic animals may be classified as follows: 

Dennotropic (affecting mainly the .skin). Variola (small- 
pox); vaccinia (cow-pox); varicella and hc^rpes zoster; 
lymphogranuloma; trachoma; foot and mouth disease. 

Neurotropic (affecting mainly the nervous system). 
Rabies; poliomyelitis (infantile paralysis); encephalitis 
lethargica. 

Catarrhal ami general. Measles ; gei nuin measles ; 
mumps; influenza; yellow fever; dengue; psittacosis; 
di.stemper (dogs, &c.). 

Neoplastic. Warts ; molluscum cantagiosum ; .sarcoma 
of fowls; papillotna of rabbits. 

The theory that a virus is concerned in human 
cancer is not improbable but remains unproven. 
The transmissible agents of the various Rous-sarco- 
mata of chickens have the properties of virinses, each 
of which produces a histologically characteristic type of 
neoplasm. Again, the generally benign papillomata of 
rabbits caused by 8hope’s virus not uncommonly 
became malignant. Much of the experimental data 
on cancer, however, suggests a biochemical rather than 
a microbial cause. 
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Transmission, Viruses are transmitted, like hac- 
t^eria, either directly by droplets from the throat, as in 
poliomyelitis, influenza, and colds ; or by fluids, cnists, 
or scales from lesions and rashes, as in the eruptive 
diseases, variola, vaccinia, varicella, and herpes ; or 
indirectly by biting insects (e.g. yellow fever) or biting 
dogs (rabies). 

The tensions and symptoms of virus diseases do not 
differ fundamentally from those of bacterial infections. 
But the intracellular habit of viruses gives the lesions 
in most cases the special character already mentioned 
(inclusion-bodies). A common early lesion is a peri- 
vascular infiltration with small mononuclear leuco- 
cytes. Suppuration is not a common characteristic 
of virus-infections, though viruses very often prepare 
the soil for secondary pyogenic infection (e.g. strepto- 
cocci in measles and influenza). 

Some typical virus -diseases 

Variola (small-pox) and Vaccinia 

Although the march of civilization and hygiene has 
removed small-pox from the list of major European 
pestilences, it still takes a great toll of life in the East, 
especially India where the annual incidence is some 
250,000 cases with a 20 per cent, fatality. The main 
symptoms are fever, serious prostration, and a wide- 
spread skin -eruption of vesicles soon developing into 
pustules or pocks. 

The virus is widely disseminated in the body and 
blood, but is specially concv^ntrated in the epidermal 
lesions, where the cells show numerous inclusion- 
bodies (Giiarnieri corpuscles). 

Infection of animals. Ajies and monkeys can be 
given small-pox by inoculation of infected human pus 
or blood, but in other mammals, such as calves or 
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rabbits, a most interesting and important phenomenon 
occurs ; the inoculation gives rise only to local lesions, 
and if the virus is passed through several animals in 
succession it is found to have lost its power of produc- 
ing anything more than similar local lesions in man, 
which are called vaccinia (i.e. cow-pox). On recovery 
from these lesions, however, the subject is immune not 
only to the altered vaccinia virus, but also to the parent 
virus of variola. It was on this basis that Jenner built 
the present system of vaccination by scarification of 
the .skin with glycerinated calf-lymph containing the 
altered, living virus. Most mammals suffer naturally 
from ‘pox’ due to viruses closely related to that of 
variola. From most or all of the.se a variant identical 
with the vaccinia virus can be produced by calf- 
passage. 

Transmission of the virus from man to man is by 
droplets of mucus or by pus and crusts from skin- 
pocks. 

The virus is one of the larger ones, about 150 ni/x. 
It will generally, though not always, pass through 
bacterial filters, and it can be seen in stained prepara- 
tions of infected cells or pus in the form of minute 
spheres (elementary bodies or Paschen granules). It 
can be propagated both in living tissue cultures and on 
the chorio- allantoic membrane of developing hen’s eggs. 

Immunilij. An attack of small- pox confers a .solid, 
almost life-long immunity. Agglutinating, precipi- 
tating, and complement-fixing bodies are present in the 
serum of convale.scents and inoculated animals, and 
a diagnostic reaction between a .suspected serum and a 
suspension of known pustular matter is practicable. 
Small-pox can be distinguished by this means from 
chicken-pox. 

Vaccination. Some time in the eighteenth century 
Lady Mary Montague studied in Constantinople and 
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subsequently introduced into England a method, long 
practised in the East, of preventing small-pox by 
direct case-to-case inoculation. The discharge or scab 
from a pustule of a mild case was scratched into the 
skin of the person to be protected; a mild localized 
eruption followed, and on recovery the subject was safe 
from further attack. Accidents, however, were not 
uncommon, and led to the safer Jennerian method 
already described. 

Jennerian vaccination is universally accepted as an 
effective prophylactic, though statistically indisput- 
able figures are scanty. The reduction of incidence is 
illustrated by U.S.A. statistics in 1919-28: in states 
where vaccination was rare 115 per 10,000 persons 
contracted small-pox, whereas in compulsorily vacci- 
nated states the incidence was only 7 per 10,000. 

A lowering of fatality is seen in the figures from 
London fever hospitals in 1901-4, where the percen- 
tage fatality of cases of small-pox was less than 10 
in vaccinated persons, but 31 in the unvaccinated. 
Recent attempts at immunization with vaccine killed 
with formalin, &c., have not been successful. 

Alastrim or Variola minor is a disi'asc like small -pox, 
but very much milder. Well known in the East, it has 
lately been prevalent in Europe. It is almost certainly 
due to a different vims, and the two infections give no 
immunity against each other. Chicken-pox and Herpes 
zoster Are two manifestations of infection w ith a relatively 
harmlass virus of the same general typo as Variola. 

PoUowifeJiiis (infantile parahjsis) 

Because of its legacy of withered limbs this disease is 
dreaded out of all proportion to its frequency or fata- 
lity. Endemic in all parts of the world, it breaks out 
here and there in considerable epidemics. Children 
are most susceptible, but no age is completely immune. 
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The symptoms are fever, headache, and stiffness of 
neck and back, often followed by paralysis of various 
groups of muscles and sometimes by death. Abortive 
infections with minimal symptoms are believed to be 
common. The characteristic lesion is a degeneration of 
the anterior-horn cells of the spinal cord and medulla, 
due to the growth of the virus and resulting in a sub- 
acute inflammation with ‘cuffing’ of the small blood- 
vessels. The virus is present in the nerve- cells and 
may also be demonstrated by animal experiment in the 
blood, in filtrates of nasal washings, and in the faeces. 
The only animals that can be infected are our nearest 
relations, the apes and monkeys. 

The presence of the virus in the nasopharynx, and 
the possibility of infecting monkeys by nasal insuffla- 
tion point to droplets as the normal mode of trans- 
mission. From the infected nasopharynx the virus 
most probably penetrates the olfactory nerves, passes 
up them direct into the brain, and thence to the spinal 
cord. Infection through the intestinal tract is another 
possibility. The virus has been found from time to 
time in the nasopharynx of liealthy persons who have 
recovered from or been in contact with infection. 
JSuch chronic carriers are an obv ious danger to all. 

The Virus, if a living organism, is almost incredibly 
small ; about 10 m/x or one hundred-thousandth of a 
miUimetre. It does not seem to produce inclusion- 
bodies, nor visible elementary bodies, but it can be 
propagated, like other viru.ses, in living tissue cul- 
tures. 

Immunity, The natural immunity of the human race 
seems to be strong, judging from the sporadic nature 
and limited spread of the infection. Immunity follow- 
ing recovery is solid and durable. The serum of 
convalescents and monkeys after recovery often con- 
tains antibodies which neutralize the virus when 
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simultaneously injected into monkeys ; but serum 
from subjects not known to have had the disease or 
contact with it may also contain specific antibodies, 
probably due to widespread subinfection and undia- 
gnosed infections. It is not at all clear that antibodies 
play a primary role in the immunity, or how^ they 
could prevent infection along nerve-fibres. A special 
type of ‘cellular immunity’ has been suggested to 
account for the phenomena (p. 247). Much thera- 
peutic use has been made of convalescent serum, 
injected \\ hen possible in the preparalytic stage of the 
infection, but its efficacy has been called in question 
by recent American statistics. Continued attempts are 
being made to produce a ‘killed’ or attenuated virus 
for active immunization by treatment of a suspension 
of infected monkey- cord with 1 per cent, sodium ricin- 
oleate of 0*1 per cent, formol, but as yet neither 
immunity nor safety has been achieveil. 

JiahieM 

Rabies or Hydrophobia is a natural infection of 
dogs, cats, and certain wild carnivora with a neuro- 
tropic virus wliich multiplies in the nerve-cells of the 
brain, producing cytoplasmic inclusions (Xegri cor- 
puscles), and causing madness ami death. It is also 
prestmt in the blood and saliva, through wliich it is 
transmitted to man by bites. Filtration through 
porcelain etc. is sometimes, but not always, successful. 
The size of the virus has not been determined, and it 
has only been cultivated a few times in tissue-cultures 
of ganglion -cells. 

The Pasteurian treatment for bites by rabid dogs is 
a classic of immunological pioneer work. By a daring 
experiment on a bitten child he showed that during the 
6-8 W’eeks’ incubation period it is possible to induce 
immunity against rabies by a course of injections of 
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attenuated virus. A graded series of viruses, each 
weaker than the last, is prepared by drying the spinal 
cords of artificially infected rabbits for increasing 
lengths of time. Beginning with the weakest, the course 
finishes with an only slightly attenuated virus, and by 
this time the patient’s resistance is raised sufficiently 
high to deal with the flood of virus released at the end 
of the incubation-period. This method is still in use, 
though attenuation by chemicals or heat is practised 
in some places. The use of living vaccine is justified 
by the danger of the situation ; unless treated in 
time, about a third of those bitten contract rabies 
and die. 


Influenza 

Epidemic influenza, though generally a benign 
disease, is one of our most in.sistent plagues, and in 
association with virulent cocci or //. influenzae it may 
take a very malignant form. During 1918-19 in India 
alone its millions of victims are believed to have greatly 
outnumbered those of the whole world- war. Clinically, 
it is difficult to distinguish from febrile catarrh and 
other fevers, owing to the indefinite character of the 
symptoms, which arc: sudden malaise and fever, 
within 48 hours of infection, with pains in the muscles 
of the back and eyes, followed some days later by 
catarrh which may progress to bronchitis or pneu- 
monia. An illness starting with a cold in the head is 
seldom, if ever, true influenza. 

Transmission is by droplets, and the virus can l)e 
demonstrated in filtered nasopharyngeal washings by 
nasal instillation in man, ferrets, or mice. In the 
mouse, after a few passages it causes characteristic 
lung-lesions in which the vims is often the sole micro- 
organism. It seems that ferrets can take the infection 
from man and man from the ferret. Seasonal out- 



BACTERIOPHAGE, ETC. 221 

breaks are common in the late winter, and in the inter- 
vals the virus is kept alive by sporadic cases and 
perhaps by carriers. 

The Virus. Our knowledge of the virus is of very 
recent and mainly English growth. Ultrafiltration 
gives it a diameter of 80-120 mfi. It can readily be 
propagated by the egg-method, but in the process it 
loses its virulence for man, though apparently not its 
immunizing power. No animals other than the ferret 
are naturally infected by the human virus ; b\it several 
animals have an ‘influenza’ caused probably by other 
viruses. 

Immioiitj/. On recovery from the induced disease 
ferrets are immune for several months, and their 
blood contains neutralizing antibody. The serum of 
human convalescents (but not convalescents from 
other infections) has a similar neutralizing power. 

Active immunization of ferrets and mice with mouse- 
lung virus inactivated with 0-02 per cent, formalin 
gives effective resistance, and experiments on man are 
now in progress. A difficulty, recently met with, lies 
in the probable existence of several serological tyy)es 
of the virus. 

Colds. Then* is good evidence that the common cold, 
or one type of it, is caused by a virus distinct from that of 
influenza. Bacteria, however, also play a large part in 
colds, whose causation is by no means fully understood. 

Yelloir fever 

This is a very dangerous jaundice-producing infec- 
tion endemic in West Africa, South America, and 
the West Indies, which causes severe necrotic inflamma- 
tion of the intestinal tract and liver. Infection is trans- 
mitted by the mosquito, Ae/ksaegf/pti, as can be proved 
by causing it first to bite an infected patient and then a 
Macacus monkey. An interval of about 12 days is 
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needed for the mosquito to become infective. The 
patient s blood also is infective, even after porcelain - 
filtration, which proves the cause to be a virus. 
Although no animal other than certain monkeys will 
take ‘yellow fever’, the virus can be propagated in the 
central nervous system of living mice, where it causes 
an encephalitis. The original viscerotropic virus’ 
has thus become ‘neurotropic’ and has lost much of its 
virulence for man. The virus is relatively small, 
17-28 mfjL, and not microscopically demonstrable. 
Prophylactic immunization with virus attenuated or 
devitalized in various ways is now' on trial. 

JungU gelloiv fever i.s an almost identical fever recently 
shown to h(' prevalent in wold monkeys and man in jungle 
districts. The insect v('ctor is not Aedcff aeggpti but an- 
other insect or insects, and the relation of the virus to that 
of the urban type ha.s not yet been w’ork(‘d out. 


MeaMes 

The proof that this is a virus infection rests on the 
transmission of the disease to monkeys and man with 
blood or nasopharyngeal w ashings of measles patients, 
freed from bacteria by filtration. The virus itself has 
not yet been adequately studied. 

Immunity, An attack of the disease generally 
confers solid and prolonged immunity. The serum of 
convalescents contains antibodies which protect 
human beings from measles if injected soon after 
exposure to infection. If given later in the incubation- 
period it greatly reduces the severity of the subsequent 
attack (attenuation), without interfering with the 
development of immunity. The serum of normal 
adults has a similar though probably rather weaker 
protective action, and so has an extract of normal 
placenta. It is assumed that the action of both is 
due to antibodies acquired in early life. 
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Transmissible lysis of bacteria. Bacteriophage 

A remarkable class of viruses, which kill and dissolve 
bacteria, has been shown to exist in ‘sterile' filtrates 
of sewage and animal excreta. A drop of such a filtrate 


A 
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added to a young, growing broth-culture of a suscep- 
tible organism, causes, after a short ])eriod of incuba- 
tion, a partial or complete clearing of the culture. 
Similarly, if a drop is mixed with a suspension of the 
bacterium and the mixture spread on an agar surface, 
the resulting film of growth shows numerous trans- 
parent areas or ‘plaques’ of lysis. During the process 
the lytic agent is regenerated ; and it can thus be 
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propagated indefinitely by adding a trace of the 
dissolved culture or culture-filtrate to a fresh tube 
of living bacteria and repeating the process as often as 
required. 

Lysis only occurs in actively growing cultures ; in 
the stationary phase of growth there is little lysis ; in 
dead cultures none. Different strains of the agent 
have different ranges of bacterial species or varieties 
on which they act, but a strain can sometimes be 
trained’ to act on a variety of bacterium on which it 
previously had no effect. Cultures that have under- 
gone lysis are seldom completely sterilized. Some few 
cells survive, and from them secondary cultures can be 
raised which are resistant to the lytic agent. These 
cultures are often found to be lysirunjenic, i.e. to give 
rise on filtration to the agent, though they themselves 
are immune. 

In some species of bacteria a large proportion of 
.stock strains have been found to harbour a bacterio- 
phage, to which the strain itself is resistant, but which 
will lyse other strains or species. 

The number of different bacteriophages is enormous ; 
e.g. some fifteen different phages specific for Vib. 
ckolerae have been i.solated. Some phages are so 
narrowly s[>ecific as to act only on variants or pha.ses 
in which a given antigen is present, e.g. a phage is 
known that acts only on the Vi antigen of Bact. 
typhosum (p. 8(5). 

Like other viruses, bacteriophages are antigenic, 
producing specific inhibitory antibodies distinct from 
those against the antigens of the bacteria on which 
the phage is propagated. 

The size of bacteriophag(*s, as proved by ultra- 
filtration, varies from about 10 in^ to about 75 mp. 

BacteriopJuigedherapy. The bacteriophage was at 
first hailed as an antibacterial therapeutic agent of 
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revolutionary importance. Destructive to bacteria 
and harmless to man, what could be a more perfect 
way of ridding him from cholera, plague, or dysen- 
tery ? But the brilliant results reported by the pioneer 
workers in these diseases have not been generally 
confirmed, and all attempts to y^rove the sterilizing 
action of the agent on experimental infections of 
animals under yjroy>erly controlled conditions have 
been failures. Neverthele.ss, the method of treatment 
has many active supporters, who attribute the failure 
of others to inadequate techni(yiie and tiie use of 
insufficiently ac'tive strains of bacterioyjhage. The 
situation therefore is still full of interest . 

The nature of Vi raises 

Viruses resemble pathogenic bacteria in their in- 
fectivity, their power of multiyilication, and their 
adaptive variability. They have also much the same 
range of resistance to chemical and physical agencies 
such as heat, radiation, desiccation, and disinfectants. ^ 
They diffe r from bacteriamainly in being unable togrow 
on a lifeless medium, in having, so far as can be ascer- 
tained, no indeyx^ndent metabolism and in ranging 
down to a size-limit hardly exceeding that of known 
pr otein molecuje s. In fact, it has been recently 
claimed on good exy)erimental evidence that certain 
tobacco- and tomato-plant viruses are actually y>roteins 
of large molecule and peculiar yjroy)ertie8, and that one 
at least of them is crystallizable in the form of rhombic 
dodecahedra. If this |)roves true, a new' category of 
infective proteins will emerg(‘ and the resemblance 
between viruses and enzymes will be at least as 
striking as that between viruses and bacteria. This 
resemblance to enzymes has hitherto been stressed 
more in connexion with the viruses of bacteria 
(bacteriophages) than w ith those of animals or j^lants, 

Q 
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At the outset of bacteriophage research Tvvort, one 
of the original discoverers, suggested that the agent 
might be an autooatalytic enzyme, and Bordet ex- 
ploited this view very thoroughly, while d’Herelle 
insisted that it was a living ultramicrobe. A third 
theory pictured the bacteriophages as vital particles, 
analogous to the genes of animal and plant chromo- 
somes, which are capable of transmission from one cell 
to another, causing an autolytic crisis with repro- 
duction of similar particles. 

The identitication of certain viruses witli large pro- 
teins, if it gains acceptance, will reojKUi tlie problem 
of the meaning of life, for W(‘ shall (dther have to stop 
calling viru.ses living things or to admit that a mere 
protein can live. Such a mental readjustment will be 
made easier by the retlection that we have never 
understood the difference between the living and the 
dead. 



CHAPTER XV 

THE DEFENCES OF THE BODY: IMMUNITY, 
HYPERSENSITI YEN ESS, ANAPHYLAXIS 

Thk self-proteOive mechanisms and reaclions of the 
body against bacterial invasion may be considered 
under the following heads : 

(1) External or surface defence.^, which tend to pre- 
vent the penetration of microbes into the tissues. 

(2) Primary internal defences, whicli we shall con- 
sider und(‘r the licads of Natural cellular immunity, 
Pha(joc}itosis, and Natural antibodies. Defensive agents 
of this class, being ])art of the normal constitution of 
the body, are largely non-specitic. They are, however, 
immediately available. Since some bacteria resist 
their destriu'tive action (vindence is an expression of 
this resistance), a second line of defence is necessary. 

The secondary, specific defence-reaction. This 
consists in the production of large quantities of specific 
antibodies, whi('h greatly enbamo the phagocytic and 
antibacterial power of tlie blood against the invading 
microbe. Tliere is, however, a (onsiderahle delay in 
its operation. Its end-result is accpiired immunity. 

External or surface defences 

The horny layer of the skin oilers an impenetrable 
barrier to bacteria, though the hair follicles and sweat- 
glands afford a channel of penetration for pyogenic 
cocci and certain other organisms. On mucous mem- 
branes the bacteria are caught in the viscid, growth- 
inhibiting secretion which is continually shifted by 
ciliary or peristaltic* a(*tion towards the exterior or 
down into the stomach, where the microbes are mostly 
destroyed by the strong acid of the gastric jiiice. The 
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throat, eyea, and nose, which are the main portals 
to the interior, are pericxlically purged by reflex 
coughing, crying, and snet'zing. 

L ysozfirn e. This is a natural bacteriolytic ferment, 
present in most animal and vegetable tissues, and 
esi>ecially strong in tears, nasal mucus, and sputum, 
which seems to play a part in surfac e defence. Though 
its most powerful action is on certain non-pathogenic 
cocci, it appears to kill or inhil)it many pathogenic 
organisms strongly enough to be a useful defen.sive 
weapon. Apart from the mechanisms just described 
the mucous membranes do not offer any considerable 
barrier to penetration by bacteria. 

Primary internal defences 

yatural cell alar immunitjf. The introduction of non- 
pathogenic bacteria into the human or animal body, 
even in large numbers, has no ill effect, because they 
possess no constituent or secretion which is toxic to 
human cells. Being foreign particles, they are rapidly 
taken up and removed from the cirevdation by phago- 
cytes. 

Since toxicity deptmds on chance chemical affinities 
between microbe and animal-cell, it is not surprising 
that a microbe which is harmless to one species of 
animal may be virulent to another ; for every animal 
and every microbe has a different specific chemical 
constitution. Poisons of all kinds show a selective 
action on different animals. Rabbits, for example, are 
twenty times more susceptible than cats to cobra 
venom. Now it has been proved experimentally in 
this case that the difference of susceptibility resides, 
at least partially, in the cell.s themselves, as distinct 
from the blood. Thus, an excised ra])bit’s heart, freed 
from blood and perfused with Ringer’s fluid, to which 
various doses of cobra venom are added, ceases to 
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beat at a dose four times smaller than is required to 
stop a cat’s heart, under the same conditions. Similarly, 
the various tissues of the body show different degrees 
of susceptibility or resistance to particular bacterial 
toxins (e.g. nervx‘-cells and tetanus toxin, p. 168). 

Phagocytosis and opsonic action. The primary 
reaction of the tissu€\s to bacteria and other irritants is 
inflammation. This involves the attraction and reten- 
tion of leucocytes in the affected part, together with 
plasma rich in substances (opsonins), which prepare 
the bacteria for ingestion and subsequent digestion 
by the phagocytic cells. We shall see in the next 
section that certain other pro]>erties of the blood 
assist in the destruction of the bacteria, but it is now 
generally agreed that phagocytosis plays by far the 
most important part. 

Our knowledge of the phagocytic functions of the 
leucocytes is mainly due to Metchnikolf (1845-1916), 
and that of opsonic action to Almroth Wright. 

In acute pyogenic infections the most active phago- 
(‘Vte is the polymorplionuclear cell or microphage. In 
the later stages of such infections, and almost from 
the first in chronic diseases like tuberculosis, large 
mononuclear cells of endothelial type (macrophages 
or histiocytes) act both as direct phagocytes to the 
bacteria and indirectly by ingesting damaged micro- 
phages containing living microbes. 

The ingestion of foreign particles in general is 
a physiological function of these cells, comparable to 
the feeding process of amoebae, but they can only 
exercise it with the help of certain constituents of 
the plasma. The function of these substances is called 
opsonic action, and with respect to this particular 
function the substances are termed opsonins (from the 
Greek ‘to prepare food'). If leucocytes are washed 
free from serum and suspended in salt solution with 
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pathogenic bacteria, no phagocvtoHis takes place ; l)ut 
when a little fresh serum is added and the mixture is 
warmed to blo(Kl- temperature, the bacteria are rapidly 
ingested. Tt is on the Imcteria, not on the cells, that 
the opsonin acts, and it acts by cond)ining with the 
antigens of the cell-membrane, where it forms a coating 
of globulins of reduced electrical potential, over which 
the protoplasm of the leucocyte can readily flow. 
Thus, if bacteria are treated with opsonizing serum 
and then washed well, they will be ingested by washed 
leucocytes in the absence of free serum ; but leucocytes 
treated in a similar way with serum and then washed 
will not take up washed bacteria unless more serum is 
added. In the case of avirulent bacteria and other 
inert particles phagocytosis may oc'cur to a small 
extent in the absence of serum, but this exception does 
not vitiate the general rule. 

Intracellular digestion. The bacteria are usually 
killed and dissolved in the colls without much delay; 
but some organisms, e.g. Myc. tuberculosis, resist 
digestion strongly, and probably midtiply inside the 
cell, which remains alive and active for a time, and 
may di.sseminate the infection by wandering away and 
dying in a distant part of the tissues. 

The ability of the phagocytes to deal effectively 
with a bacterial invasion (lepends chiefly on the viru- 
lence of the bacteria. If this is of a low order, the 
phagocytes generally succeed in destroying the invader 
at the site of infection. Bacteria of high virulence, 
however, have the property of resisting phagocytosis 
to a considerable degree, an<l are therefore able to 
multiply and spread in the tissues. If this process 
is not checked in time, some of the bacteria will sooner 
or later escape through the lymph -channels into the 
regional lymph-nodes. Here they meet with a second 
phagocytic barrier in the form of endothelial phago- 
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cytps [macrophages) lining the sinuses. If this barrier 
is penetrated, the organisms arrive in the blood -stream 
where, as we shall now see, their fate again dej)end8 
largely on their virulen(‘e. 

The injeotion of bacteria of various kinds into the 
blood of animals has established the following prin- 
ciples. If the bacteria are non -pathogenic or of very 
low virulence, they disappear quickly and permanently 
from the blood, being removed by phagocytes of the 
reticulo-endothelial system (p. 241) in the spleen, 
liver, and other organs. With fully virulent microbes 
(e.g. pneumococci injected into rabbits) the course of 
events starts in the same way but ends differently. 
Here a partial or even apparently complete clearance 
of the blood is followed after an interval by a reappear- 
ance of the microbes, which multiply ra])idly and set 
up a fatal septicaemia. But if we raise the resistance 
of the animal by inject ions of a specific vaccine (p. 248), 
it may now be able to deal with the virulent organism 
as effectually as the normal animal deals with an 
avirulent one. 

In human infections the escape of bacteria into the 
blood will have one of several different results, accord- 
ing to the viridence of the mi(Tob(‘ and the resisting 
power of the host: (1) No definite ill-effect. (2) a fresh 
localization in one or other organ, or (3) septicaemia, 
i.e. a progressive infection of the whole vascular 
system . 

Natural antihodicf^. As was first recorded by Lister, 
normal blood-serum has the property of self-sterili- 
zation. Non-pathogenic organisms and also certain 
pathogenic ones are destroyed in large numbers, 
though on some pathogenic species, such as virulent 
pyogenic cocci, it has little or no effect. The bacteri- 
cidal power of a serum may be estimated by mixing 
it in graded dilutions (after heating to destroy its 
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complement) with a constant v’'oliime of a living bac- 
terial suspension and some guinea-pig complement. 
After a short incubation at 37° C. each tube is plated out 
on agar, and the highest dilution of the serum that shows 
a reduction in the number of colonies is taken as its 
bactericidal titre. Immune bacteriolysins are measured 
in the same way. In the days before the supreme 
importance of phagocytosis was recognized, these 
direct antibacterial actions of the serum were regarded 
as the chief explanation of natural immiinity. It was 
supposed that if an animal is naturally insusceptible 
to infection by a given microbe it must be because its 
serum is bactericidal to the microbe ; and conversely 
that susceptibility implies a lack of bactericidal 
power. This, however, has proverl not to be a general 
law. For example, rabbit's serum is bactericidal to 
Bac. mithracis, yet the rabbit is highly susceptible to 
experimental anthrax. Similarly, the bactericidal 
action of human serum on Bad. tuphosum is no 
guarantee against typhoid fever. 

In addition to bactericidal action normal serum 
has a variable agglutinating and opsonizing effect on 
bacteria. These differ from the action of specific 
immune antibodies in being much less intense (exerted 
only in low dilutions such as 1 in 10) and more diffi- 
cult to demonstrate as specific. 

The nature and origin of natural antibodies. Al- 
though our knowledge is rather uncertain we can with 
some confidence distinguish two factors: 

(\) A non-specific globulin which is readily adsorbed 
on foreign particles in general. By reducing their sur- 
face potential this tends to agglutinate or precipitate 
them and also makes them easier for the phagocytes 
to ingest. This non-specific factor is needed to explain 
the agglutination by a normal serum of bacteria with 
which the owner of the serum can never have been in 
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contact, e.g. English cow and Vih. cholerae. It also 
makes it easier to understand why bacteria in general 
and also inert particles, such as mastic, are more highly 
agglutinated by the normal serum of some animals 
(e.g. horse and cow) than of others (e.g. guinea-pig and 
man). The former group evidently have a more active 
non-specific substance than the latter. This substance 
is probably the same as complement (p. 180). The fact 
that the complementary power of a serum is more 
easily destroyed by heat and chemicals than its other 
powers does not force us to ])ostulate more than one 
active substance. 

(2) SperIJic or sem i -specific antibodies against various 
bacteria, functioning as bacdericidins, agglutinins, 
opsonins, &c. Small quantities of specific antibodies 
arc formed during the individuaTs life in response to 
subinfective doses of pathogcmic organisms such as he is 
bound to pick up from time to time. The quantity and 
variety of such antibodies will de])end on the length 
and type of life he has led. Children reared in squalor 
grow' richer in antibodies than the sheltered progeny 
of the well-to-do (p. K14). Although in reality this is 
‘acquired immunity’, it is generally treated under the 
head of natural immunity because it is rarely possible 
in any given case to })rove that the antibodies have 
actually been acquirecl. There is, however, ample evi- 
dence that individuals in contact with infections such 
as diphtheria, w hooping-cough, and enteric fever may 
develop antibodies without showing any symptoms. 

By a semi-specific antibody we mean one that is 
formed in response to a stimulus by an antigen differ- 
ent from, but having an accidental chemical resem- 
blance to, the antigen of some pathogenic microbe. 
Stimuli of this kind may arise in the digestive tract 
from food or from the antigens of non-pathogenic 
organisms. We know that certain antigens can give 
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rise to antibodies which react with certain apparently 
quite different antigens ; for example, the serum of a 
rabbit injected with tissue-suspensions from various 
animals, or with Bad. dtjs. Shiga, will haemolyse 
sheep’s erythrocjqes. Such a serum is said to contain 
heterophile antibody. In this ease the chemical con- 
nexion is unknown ; but it is clearer in the case of 
the immunization of animals with synthetic proteins, 
which has shown that the possession of a common 
hapten-radicle by two otherwise dissimilar proteins 
gives them a common immunological character. 

When acting as opsonins the small concentrations 
of specific antibodies in normal’ serum are generally 
insufficient to bring about phagocytosis experimentally 
without the aid of the non-specific complementary 
substance. When, however, their potency is increased 
by infection or immunization they can be shown to 
exert opsonic action by themselves, that is, to act in 
heated immune serum without the addition of any 
fresh scrum. In this ca])acity they are sometimes 
termed baderiotropuu^. 

Conditions inflmncing natural immunity. Heredity 
is rightly believed to be a powerful factor. Natural 
cellular immunity (p, 228) is clearly a genetic character 
of species or race. Although there is no evidence that 
the possession of any given specific antibody is an 
inherited character (congenital transference by the 
mother is another matter, see p. 134), the genetic 
constitution determining immunity toagiven infection 
undoubtedly varies widely not only in sfx^cie.s, but 
in races, families, and individuals. Unfortunately, we 
have almost no knowledge of the matter as it affects 
man, but research on small animals has given impor- 
tant information. For example, different breeds 
of mice have been shown to possess different degrees 
of resistance to Bad, aerlrycke\ and stocks with ab- 
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iionimlly high iinrminity to that microbe have been 
reared by breeding from picked individuals. But the 
immunity is restricted to the test-microbe and may be 
accompanied by lowered resistance to others. Thus 
there is no evidence that a general immunity can be 
produced by selective breeding. 

The well-known sensitizing effect of cold is experi- 
mentally illustrated by the breakdown of the natural 
resistance of certain birds to Bac, anihracis w hen they 
are chilled in cold water. On the other hand, the cold- 
blooded frog, which is naturally insusceptible to an- 
thrax, can be made susceptible by heat. Another 
generally accepted contributory cause of chronic 
diseases, such as tuberculosis, is malnutrition^ includ- 
ing vitamin-deticiency. Although we do not as yet 
know' v€"rv much on the latter subject, one fact at 
least has been proved experimentally : viz. that a lack 
of vitamin A in the diet lowers the resistance of the 
ocular and respiratory mucous membranes of animals 
and man to infections w ith pyogenic cocci. Conversely, 
there is little doubt that a full diet, good housing, 
and adequate rest help to maintain a high level of 
resistance. Experimental evidence indicates that 
ultra-violet radiation does not heighten resi.stance to 
infection. 

Exhaustion may cause a lighting up of a latent 
infection, though it does not appear to increase 
susceptibility to a fresh one. 

The secondary, specific defence -reaction 

The primary defence-mechanisms w e have described, 
being unable to cope w ith microbes of high virulence, 
must be strongly reinforced in vsome way if the inva- 
sion is to be defeated. This reinforcement takes the 
form of a production of powerful antibodies acting 
specifically on the invading organism. Unlike the 
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primary mec^haniHins, which are always ready, the 
specific response takes time to dev^elop ; so that it is 
generally some 5 days before any increase in antibodies 
can be demonstrated, and anything from 10 days to 
3 weeks or more before it reaches its zenith. 

The secondary defence mechanisms ditfer from the 
primary in the greatly increased power due to the spe- 
cific antibodies. In the blood and tissne-fiiiids the sur- 
faces of the microbes soon become coated with the 
specifically combining antibodies, which agglutinate 
them, precipitate their toxins, and enable the phago- 
cytes to ingest them faster than they can multiply. The 
bactericidal action of complement on the sensitized 
microbes also assists in many cases (p. 181). It is this 
process that brings many acute infections to a rapid 
end in a crisis of microbial destruction. 

But it is by no means all infections that give such 
a rapid and satisfactory response./ In chronic infec- 
tions like tuberculosis, syphilis, and leprosy the pro- 
duction of specific antibodies is slow and feeble, and 
there generally ensues a long-drawn struggle Ix^tween 
parasite and host, which may settle down into the 
chronic, fluctuating equilibrium of infection-immu- 
nity’. Again, the es.sentially endotoxic organisms 
(e.g. Seisseria, Haemophilu.s) are far weaker stimulants 
to antibody-production than the exotoxic siiecies such 
. as C’. diphtJieriae or Cl. tetani. 

The counter defence.^ of bacteria. We have learned 
in recent years to attribute virulence largely to the 
chemical composition of the bacterial body, and parti- 
cularly of its external layers. Most pathogens in their 
virulent, ‘snuKjth’ phase possess a special ectoplasmic 
or capsular constituent which resists the action of 
phagocytes, and there is evidence that this is capable 
of increase under the stimulus of the living tissues (p. 
24). Moreover, during the struggle between microbe 
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and host a continual elimination of the less resistant 
microbes must tend to raise the average virulence 
to the maximum of which the species is capable. A 
very interesting form of defence by changes of anti- 
genic composition has been demonstrated in relapsing 
fever, (p. ISfi). 

irnruHiiitji. Recovery from infection leaves 
a heightened resistance due to (1) the persistence of 
circulating antibodies, which may he of short duration 
or may continue for many years, and (2) an increased 
specific reactivity of the antibody-producing tissues, 
enabling them to respond more rapidly and intensively 
to a subsequent stimulus by tlu^ same antigen. This 
has been shown in the case of diphtheria toxin to 
persist long after the disappearance of antibodies from 
the blood. The duration of ac'tive immunity varies 
enormously in dilliTent diseases, sometimes lasting 
only a few weeks, in other cases for a lifetime. It is 
seldom, if ever, absolute, but may on occasion be 
overcome by sufficiently large or repeated doses of 
highly virulent organisms. It may Ix^ accompanied by 
a persistence of the microbe in some organ such as 
spleen or lymph-glands (latent infection), and its 
duration is sometimes limited to the period of persis- 
t/cnce of the latent infection (infection-immunity). 

Local immunit}/, natural and acquired. Different 
tissues have various degrees of natural resistance to 
different bacterial toxins, as may be deduced from the 
tendency of a given infection to localize in special 
organs ; e.g. Peyer's patches have a relatively low 
resistance to Bad. iffphosum, the bronchial mucosa to 
H. pertussis, and the nerve-cells to tetanus-toxin. 

A transitory local immunity of an entirely different 
kind may be acquired by an area of tissue which has 
been the site of a local infection. Here the resistance 
of the infected area rises higher than that of the 
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rest of the tissue, and of the body in general. This 
has been proved in streptococcal infections of the 
skin (erysipelas) and is doubtless true in other cases. 
It appears to depend upon non-specific local super- 
activity of the reticiilo-endothelial system (p. 241 ). 
The same state can in fact be produced by the local 
injection of non-specific solutions of many kinds, e.g. 
ordinary broth. 

Physiological basis of the response. The specific 
immunity -response to l)acteria must be ])ictured as 
a special case of a physiological me(‘hanism for ridding 
the blood and tissues of useless or disturbing foreign 
proteins. Thus an animal injected with a harmless 
dose of egg-albumin or foreign blood-(‘orpus(‘les de- 
velops antibodies against them as readily as against 
virulent bacteria (see Haemolysins, p. 180 and Preci- 
pitins, p. 241 ). 

Antigen -antibody reactions 

Antigenic specificity and stereochemical structure. 
Haptens. One of the most interesting immunological 
discoveries of recent years is that the specific character 
of antigens depends on the various comparatively 
simple chemical groups or radicles (Haptens) which 
form part of the antigenic protein-complex, and even 
on the spatial arrangement of these groups. We may 
recall (p. 66) that the type-specificity of the pneu- 
mococci is due to different polysaccharides combined 
with a common protein. Now it has been shown that 
if a given chemical radicle, such as diazotized atoxyl, 
is inserted into a number of different proteins (e.g. 
rabbit serum -protein, horse serum-protein and egg- 
albumin), an antiserum made against any one of them 
will react by precipitation with them all ; whereas 
before the chemical operation the proteins showed no 
antigenic relationship. Conversely, if various radicles 
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are inserted separately into a single protein, the anti- 
serums against the resulting compounds will be 
specifically distinct. Thus, when laevo-, dextro-, and 
meso-tartaric acids are separately attached to horse- 
serum i)rotein, and antiserums are prepared against 
each, precipitation tests show' that the serums are 
sharply specific, in spite of the common protein of the 
antigens. Continued research on these lines is rapidly 
w idening our understanding of the specificity of anti- 
gens and antibodies. 

The chemical detachment of a hapten from its 
mother-protein generally leaves it without antigenic 
power, i.e. without the ability to induce antibody- 
production; but it will still precipitate at a very high 
dilution (e.g. 1 in a million of hapten) the antiserum 
prepari‘d against the complete antigen. To restore its 
antigenicity a hapten has only to be reattached to 
a protein, or even in some cases to a gum. It is thought 
that the spontaneous attachment to an indigenous 
protein in the body may account for the antigenic 
behaviour of certain drugs (p. 254). 

The mult i pi ir it If of antigejis. Cross-imynunitp. A 
bacterium causes the production of a separate anti- 
body against each of its antigens. If, for example, it 
has both specihe and group components, the infected 
body will elaborate antibodies against both. The 
group antibody acts not only on the microbe that 
caused its production, but on any species possessing 
the same antigen. A good instance of this is the partial 
‘cross-immunity’ against paratyphoid fever conferred 
by inoculation witli vaccine of Bart, tpphosuyn. Here 
the comuKui fraction of the somatic (O) antigen (p. 88) 
is resf)onsible for the effective grou]) antibody. In 
fact, w henever tw o bacteria or viruses have a common 
toxic antigen, a certain degree of cross-immunity is 
to be expected. 
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The unit!/ of antibodies. It is now generally held 
that a single antigen gives rise only to one antibody, 
which will give all types of antigen-antibody reaction, 
according to the way the antigen is presented to it : pre- 
cipitation, if the antigen is in solution ; complement- 
fixation, if tlie appropriate reagents are supplied; 
agglutination, if the antigen is a surface- constituent 
of bacteria. Thus, although we may use terms such as 
Agglutinin, Precipitin, Bacteriolysin, we do not imply 
that they are necessarily different antibodies. 

Bactericidal action. Though this jdays some part 
in the specific defence-reaction, its role is subsidiary 
to that of the phagocytes. The principles and mecha- 
nism of bacteriolysis have already been described in 
connexion with haemolysis, in Chapter XII (p. 181). 
Bactericidal action is merely another aspect of the 
same phenomenon. The former term is used when the 
bacteria are both killed and dissolved, the latter when 
they are only killed. Bacteriolysis only oc(*urs with 
a limited number of bacterial species, particularly the 
Gram-negative rods, such as Vibrio cholerae and Bact. 
typhosum. Bacterickial action is much more general. 

Pfeiffer" s reaction. If some anticholera serum is 
injected into the |)critoneal cavity of a guinea-pig 
together with an otherw i.se lethal dose of living Vibrio 
cholerae, and if samples of the peritoneal fiuid are 
withdrawn from time to time, the vibrios will at first 
appear swollen and partly disintegrated (bacteriolysis), 
and finally they w ill disappear altogether. The animal 
will show’ no sign of ill health. Exactly the same re- 
action occurs in an immunized guinea-pig injected 
w'ith the vibrio only. In the former case the anticholera 
serum provides the amboceptor, and the guinea-pig the 
complement ; in the latter case the guinea-pig provides 
both. As we have seen (p. 108), this reaction may be 
used to determine the species of a suspected vibrio, 
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since it is negative with vibrios other than Vib. 
cholerae. 

Agglutination. This reaction, which has been dis- 
cussed on pp. 27 and S7, doubtless plays a part in the 
defence process. The clumping of bacteria will enable 
phagocytes to ingest more at a time. But it should 
not in itself be regarded as one of the most important 
effects of the specific antibody, however useful it may 
be for serological investigations. 

Precipitation, which really includes agglutination, is, 
as we have seen (pp. 30, 23B), the simplest manifestation 
of the fundamental antigen -antibody combination, 
which underlies the whole process of immunity. In 
the form of the toxin-antitoxin reaction it is the essen- 
tial defence-mechanism against toxic infections like 
diphtheria and tetanus. 

In addition to its applications in bacteriology the 
precipitin-reaction has medico- legal uses in identifying 
proteins of human or animal origin. Thus even minor 
blood-stains on weapons or garments can be examined 
and the human origin of the blood proved or disproved 
by tests with human and animal antiserums. 

The source, nature, and properties of antibodies 

Recent researcdies have traced the production of 
antibodies with a high degree of probability to the 
reticulo-endothelial system. This consists of large mono- 
nuclear macrophages or ‘histiocytes’, some of which 
are fixed (sessile) in the endothelium of the liver capil- 
laries, spleen and lymph sinuses, and a few^ other 
organs, while others wander freely in the blood and 
tissues. 

Of the chemical nature of antibodies we know' next 
to nothing, except that they are bound up with the 
globulin fraction of the plasma-proteins. In the horse, 
the animal generally used for the production of 

R 
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therapeutic antiserums, the globulin concerned has a 
large molecule, as shown by ultracentrifugalization ; in 
the rabbit, it is considerably smaller, and is therefore 
more readily diffusible and probably has a quicker pro- 
tective action. For this reason rabbits are now being 
used by some serum-producers in place of horses. 

The side-chain theory. Ehrlich pictured the surfaces 
of the anti body -producing cells as possessing protein 
complexes with numerous chemical side-chains which, 
by means of their unsatisfied groups or receptors, take 
part in the normal nutritional process. Toxins and 
other antigens are supposed to possess a combining 
affinity for certain of the receptors, and the act of 
combination, assuming that the cell is not much 
damaged thereby, stimulates it to produce more re- 
ceptors of the same type. These, if produced in excess, 
are thrown off into the blood, and represent the 
free, circulating antibody (Fig. 31). Since experiment 
shows that the combining power of toxins is to a large 
extent independent of their toxic pro{)erties (see 
‘Toxoid’, p. 51), a toxin is considered to be composed 
of two parts, a haptophore (grasping) group and a toxo- 
phore (poisoning) group. The change from toxin to 
toxoid involves a loss or deterioration of the toxophore 
group, the haptophore group remaining intact. Fur- 
ther, since haemolysins and bacteriolysins combine at 
the same time with antigen and complement, they are 
figured as having two haptophore groups (see Eig. 31). 

The combination of antigen and antibody was repre- 
sented in this theory as a chemical reaction in simple 
proportions. But as experimental knowledge pro- 
gressed a number of phenomena were observed which 
obstinately refused to fit into the theory. One of the 
most striking of these was recorded by Danysz. 

The Danysz phenomenon. If a certain dose of toxin' 
is added all at once to a given quantity of antitoxin, it 
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is exactly neutralized ; but if it is divided into two 
parts and these are added one after the other to the 
antitoxin, with a short time in between, the mixture 



Kk;. 31. Ehrlich’s theory of Antigens and Anti- 
bodies. Diagram of main features 

K.K.r, AntitKxly-fdrminK (rHiciilo-ornlothi'llal) coll show- 
ing: two 8i<lc-chain rccoptors of <litTcront tyi>e8. h - hapto- 
niiorc groups. <'h. CVlI-haptophor<*. T - toxin. Th. 
Toxin-iuiptopiiorc. t toxophore group. Ant. - Antitoxin 
c/insisting of free cen-haptophorea. NT ^ Neutralization 
of toxin l>y antitoxin. NTd Neutralization of to.xoid by 
antitoxin. * .\ .\ntigen (foreign protein from red cells, 
bacteria, A'c.). A' (H.C.) Ke<l-cell antigen. (Bact.) -- 
Bacterial antigen. ^ Comploinent. c ergophore group 
of complement. 


remains toxic, i.c. some of the toxin is not completely 
neutralized. Now the only satisfactory explanation of 
this is that when the toxin is added all at once each 
molecule secures just sufficient antitoxin for neutrali- 
zation ; whereas when it is added in two fractions the 
first take^ up more than the neutralizing dose of 
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antitoxin, so that there is not enough left to neutralize 
the second. Clearly, then, the combination cannot be 
a chemical one in simple proportions, since the quanti- 
ties combining vary according to the relative concen- 
trations in the mixture at any given moment. 

This and other troublesome facts caused Ehrlich to 
complicate his theory until it lost most of its attrac- 
tion, and further experimental attempts were made to 
explain the combination of antigen and antibody as 
analogous to that of weak acids and bases (Arrhenius 
and Madsen), or as a purely physical ad.sorption like 
that of a dye by organic fibrc.s (Bordet). But the 
advance of the chemistry of colloids and antigens has 
brought us back again towards Ehrlich’s conception, 
the basic idea of which, that the combination is 
essentially chemical, daily receives new* corroboration. 

The moat recent view' of the process is that on the 
surface of an antibody molecule there are a number of 
specific groups to which the antigen can chemically 
attach itself; and, conversely, that the antigen has a 
number of groups by which it can become attached to 
molecules of antibody. 

The reaction begins by the coin bination of the two 
molecules into minute primary complexes (Fig. 32 B). 
As the reaction progresses larger aggregates are built 
up by the successive adhesion of molecules of each re- 
agent in turn. If one reagent is present in excess, the 
molecules of the other may rapidly become completely 
coated with it, and the grow'th of the aggregates is 
stopped at an early stage (inhibition or prozone- 
phenomenon (Fig. 32 A and C). 

In their original state of colloidal solution both the 
molecules are electrically attracted by molecules of 
water, which keep them in solution ; but as the speci- 
fic combination progresses this bond is loosed, and 
the aggregate passes from solution into suspension. 
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Owing to the possession of identical, negative charges 
they would tend to repel each other and so remain in 
suspension, were there no ionized salts in the surround - 



Fig. 32. Combination of Antigen, •, and Antibody, o, 
according to tho ‘lattice theory’. 

A. Mixtures: I, excess of antigen; II, optimal proportions; 

HI, excess of autibotly. 

B. Formation of primary complexes in the t h.ree mixtures. 
Continued combination, aggregation, and flocculation 
in II only; inhibition in 1 and 111. 


ing fluid ; but in the presence of salts the charges are 
so reduced that the aggregates coalesce into visible 
floccules and pass completely out of suspension. In 
the precipitation-reaction the antibody forms aggre- 
gates with colloidal antigen ; in agglutination, with 
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whole bacteria. Thus the reaction, whether it take the 
fomi of precipitation or agglutination, is generally said 
to occur in two stages: first, the speciiic combination, 
and second, the flocculation by electrolytes. If ali 
electrolytes are removcnl by dialysis visible floccula- 
tion does not occur, though the primary combination 
has taken place, a.s can l)e shown by centrifugal 
removal of the (‘olloidal aggregate's. But the reaction 
may equally well Ik? regarded a.s a continuous process 
in which the speeifio combinatitm acts in conjunction 
with the reduction of charge by electrolytes, so that 
no separate stages are distinguishable. (Marracks 
‘lattice’ theory). 

This view of the process clearly admits of a chemical 
combination in variable proportions according to the 
concentration of the two reagents, and thus harmon- 
izes and amplifies the earlier theories of Ehrlich, 
Arrhenius and Madsen, and Bordet. 

Dissociation of the antigen- an tibcxly compound can 
occur if the mixture is diluted or frozen, but the longer 
the time allowed for combination the less is the ten- 
dency to dissociate. Serious misadventures have 
occurred from the injection of supposedly neutral 
diphtheria toxin-antitoxin mixtures kept in cold 
storage. 

Avidity of antibodies. Some specimens of antitoxin 
combine w ith toxin less rapidly and firmly than others ; 
possibly ow ing to a deficiency in the numl>er or chemi- 
cal specificity of the combining groups. Such anti- 
toxins are not suitable for therapeutic use. 

Immunity in virus -diseases. The same main agents, 
antibodies and phagocytes, operate here as in bac- 
terial infections. But in certain cases, such as the 
neurotropic virus-diseases, it is difiicult to prove that 
they are actually at work and hard to understand how 
they can operate (p. 219) ; yet the resulting immunity 
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is solid. The theory has therefore been advanced that 
the infected cells after recovery are left with a ‘Cellu- 
lar immunity’, independent of antibodies. But if so, 
we have no inkling of its mechanism. 

The main peculiarity of viruses is their intracellular 
habit, w'hich gives rise both to such differences as exist 
Iwtween bacterial and virus infections, and between the 
types of immunity they produce. A striking form of 
‘infection-immunity’ has been demonstrated in potato- 
plants, which, when harbouring an avirulent virus, 
are resistant to infection with a more virulent race 
of the .same virus. Similarly, monkeys can be made 
refractory to the yellow^ fever virus by inoculating 
them just previously, or even simultaneously, with 
an attenuated strain. It seems that the cells are 
‘blocked’ by the harmless virus and cannot take up 
enough of the other to infect them. It is even possible 
that the immunity to viruses, which is on the whole 
more solid than bacterial immunity, though with 
important exceptions (e.g. intluenza), may be due to 
an enduring post-infective symbiosis of virus and cell. 
Alternatively, it may be that much smaller residues 
of antibody are needed to protect cells from penetra- 
tion by a virus than to protect the blood and tissues 
from bacterial invasion. 

Prophylactic and therapeutic inoculations : 

Vaccines and Antiserums 

.- The materials used in the specific prophylaxis and 
treatment of infective diseases may be divided into (1) 
Those that induce active, irnmimitif, i.e. stimulate the 
subject to make his own antibodies. (2) Those that 
confer passive immunity by virtue of the antibodies 
they contain. These procedures are all popularly in- 
cluded in the term ‘inoculation’. 
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Act we immunization and therapy hy means of vac- 
cines. Suspensions of living or killed bacteria or 
viruses, prepared for injection into man or animals, 
are termed vaccines; the name being derived from 
vaccinia (Lat. vacca, a cow), w hich was the first mate- 
rial used in the prophylaxis of an infective disease. A 
vaccine made with the patient’s own microbe is called 
autogenous. 

The prophylaciic value of vaccines is estimated ac- 
cording to their ability to (a) prevent attacks of the 
disease, and (6) reduce the death-rate of those attacked. 
In a number of diseases, such as small -pox, typhoid 
fever, rabies, and plague, the efficacy of the procedure 
has been scientifically proved by the compilation of 
statistics showing the incidence and fatality of the 
infection in equivalent groups of inoculated and un- 
inoculated persons. 

But with regard to the vaccine treatment of already 
established infections no comparable records are 
available, and it cannot be said that the procedure has 
been scientifically proved to have any curative value. 
This, of course, does not imply that it heus in fact 
no curative value. Most physicians and pathologists 
think it has, though they differ greatly about its proper 
scope and limitations. 

On the theoretical side it is difficult to see why a per- 
son who is already well ‘dosed’ with a living bacterial 
antigen should benefit from additional doses of the 
same substance in the dead state. A common explana- 
tion is that in chronic localized (w^alled-off) infections 
the antigen does not circulate sufficiently to act as an 
efficient stimulus to antibody- production, and that the 
specific vaccine provides the necessary additional 
stimulus. There is, however, no proof of this ; nor is it 
inherently very probable. We cannot, in fact, be sure 
that the effects are always specific, Xh^r^ are many 
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instances on record of striking therapeutic effects 
following the injection of vaccines made with bacteria 
unconnected with the disease ; or even of non -bacterial 
proteins. Such substances doubtless act by giving a 
non-specific stimulus to the cells of the reticulo-endo- 
thelial system. Whatever may be the benefits of 
vaccine- therapy in suitable cases, there can be no 
doubt of the harm it can do if unwisely applied: e.g. 
in too large doses, or in the acute stage of infections, 
when the defence-mechanisms are already stimulated 
to the utmost. 

Passive immunization and serum-therapy. Anti- 
serums are prepared from the blood of horses or other 
animals subjected to a course of injections with a 
vaccine or a toxin. Antitoxin serums (diphtheria, 
tetanus, scarlatina, &c.) are produced by immuniza- 
tion with toxin or toxoid. They have been amply 
proved to confer antitoxic immunity but they have 
little or no action on the bacteria themselves. Anti- 
bacterial serums are prepared by immunization with 
vaccines. The antibacterial immunity they afford is 
probably due in the main to their opsonic action, 
certainly not to antitoxin. The efficacy of such serums 
has been proved by sound statistical methods in 
anthrax, plague, certain pneumonias, and some other 
diseases ; but most infections have proved refractory 
to serum -therapy. 

Human 'convalescent' and 'adult' serum. The uses 
of these in measles and poliomyelitis have already been 
mentioned (pp. 222, 217). It is important to realize 
that neither tests for bacterial sterility nor added 
antiseptics ensure the absence of living viruses. 

Oral immunization. By feeding with killed vaccines 
of certain organisms, e.g. Bact. dysenteriae (Shiga), 
animals can be protected against an otherwise lethal 
dose of the living organism. In man, typhoid vaccine 
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by the mouth regularly gives rise to the O type of 
agglutinin in the Hood, which is evidence of a general 
immunity response. 

Oral immunization against enteric fever, dysentery 
and cholera is still on its trial. Up to the present the 
evidence suggests that some protection is afforded, but 
probably less than that given by injection into the 
tissues. 

Intranasal instillation of formalin-killed pneumococci 
in rabbits has recently been shown to produce solid 
specific immunity, with or without measurable anti- 
bodies. This may prove a promising line for the 
immunization of man. 

Hypersensitiveness. Anaphylaxis 

In order to produce immunity, the stimulation 
by an antigen must be of an adequate intensity and 
duration. A single, slight antigenic stimulus may give 
rise, not to immunity, hut to the intermediate state of 
hypersensitiveness. Any antigen, whether toxic or non- 
toxic, w'ill serve to produce the phenomenon. If, for 
example, a guinea-pig (or other animal) is injected sub- 
cutaneously with a single small dose of horse-serum, 
and after a minimum of ten days a second and larger 
dose (in itself harmless) is injected into its blood, the 
animal is taken ill almost immediately, passes its 
faeces and urine spasmodically, and dies in a few 
minutes in convulsive asphyxia. This phenomenon is 
known as anaphylactic shock. It has been shown to be 
chiefly due to a spasmodic contraction of unstriped 
muscle ; in guinea-pigs, especially in the bronchioles ; 
in rabbits, particularly in the pulmonary vessels. It 
can, in fact, be prevented, and the life of the animal 
saved, by the timely injection of adrenalin or atropine. 
In different animals the manifestations of anaphylaxis 
differ both in kind and intensity ; by a happy chance 
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man is one of the least susceptible. In the guinea-pig 
a lowering of the coagulability of the blood and an 
accumulation of leucocytes in the lung-capillaries are 
two of the moat constant features. Generally speaking 
the hypersensitive or ‘anaphylactic’ state lasts for at 
least one or two years. 

The 'partial-immunity' theory of anaphylaxis. The 
weak primary stimulus causes a relatively feeble 
production of specific antibody, which reaches a 
maximum in about 10 days. The small quantity of 
circulating antibody is continually absorbed and re- 
tained by the tissue cells, so that its concentration in 
the blood remains very low . When a considerable dose 
of the antigen is now injected directly into the circula- 
tion, it causes precipitation on and in the cells, and 
gives rise to a violent functional disturbance (e.g. 
contraction of muscle). If the concentration of circula- 
ting precipitin had been sufficiently high, as in the 
fully immune state, the antigen would have been preci- 
pitated and neutralized before reaching the sensitized 
cells, and no shock would have resulted. 

Experimental basis of the theory. A passive hypersen- 
sitiveness can be induced by injecting into a normal 
animal the serum from an actively hypersensitized 
animal. The serum contains precipitins, w hich sensi- 
tize the cells of the injected animal to a subsequent 
injection of antigen. 

A further proof that anaphylaxis depends on an 
antigen -anti body reaction is found in the invariable 
sudden disappearance of complement from the blood, 
due to its fixation by the precipitated compound 

(p. 182). 

That the reaction really takes place in the cells and 
not in the blood is proved by the fact that plain muscle- 
tissue (e.g. uterus) excised from a hypersensitive 
animal and perfused with Ringer’s fluid contracts 
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spasmodically on the addition of specific antigen to the 
fluid (Schultz-Dale reaction). 

Desensitization, The hypersensitive or anaphylactic 
state can be removed by the injection of one or more 
very small doses of the antigen, insufficient to cause 
shock. The mechanism of this is not clear, but it seems 
to be due to a partial neutralization of the antibody 
in the cells, without dangerous precipitation, which 
blocks the way against a subsequent acute intracellular 
reaction. 

Histamine sJiock. The fact that histamine when in- 
jected into normal animals causes a shock exactly like 
anaphylaxis, suggests that the latter may be due to the 
liberation of this substance by the damaged cells. This 
is supported by the salutary effect of adrenalin and 
atropine (p. 250), whose pharmacological action is 
opposite to that of histamine. 

Skin hypersensitiveness. Allergy. A small quantity 
of antigen injected intracutaneoualy in a hypersensi- 
tive subject gives a brisk local inflammatory action, 
w^hereas it has no effect on a normal subject. The 
tuberculin, mallein, and similar tests for specific hyper- 
sensitiveness to bacterial antigens are based on this 
principle. The term Allergy is practically a synonym 
for hypersensitiveness in the widest sense. 

An analogous but not identical condition is the 
natural hypersensitiveness of certain individuals to a 
variety of animal and vegetable proteins, drugs, and 
other non-protein chemicals. Such an individual when 
exposed to his special poison, whether it be grass pollen, 
hair and epithelium of horse or cat, shell-fish, straw- 
berries, quinine, iodine, or a cocaine-derivative, suffers 
from acute discomfort, urticarial rashes, catarrh (hay- 
fever) or asthma, and sometimes from a kind of ana- 
phylactic collapse. In idiosyncrasies due to pollen, 
dust, or food it is often possible to trace the irritating 
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matter by a series of skin-tests with a range of likely 
substances, and the hypersensitiveness can sometimes 
be reduced by a series of specific immunizing injections. 

These idiosyncrasies, as they are often called, differ 
from acquired hypersensitiveness in being spontaneous, 
inborn, and hereditary in the sense that a tendency 
to idiosyncrasies in general runs in families. In the 
same category is the serum-sickness which often follows 
injections of horse-antitoxin. It consists of urticarial 
rashes, swellings of the joints, and other troublesome 
symptoms ; and when the serum is given intravenously 
an alarming but temporary collapse is occasionally 
seen. Serum sickness may be accentuated to a dan- 
gerous degree in persons who have had previous anti- 
toxin treatment, and there are, in fact, a number of 
cases on record of what appears to have been true 
anaphylactic death after intravenous injection in 
sensitized subjects. 

Theories of idiosyncrasy. It is possible to explain 
many of the phenomena as the result of the precipita- 
tion of small amounts of natural antibodies in the cells 
by the provocative substance, just as anaphylaxis is 
explained as due to the precipitation of acquired anti- 
body by the specific antigen. Natural hypersensitive- 
ness, like anaphylaxis, can be specifically transferred 
by injection of the serum of a hypersensitive subject 
into a normal one, but a difficulty arises in that the 
serum will seldom, if ever, give precipitation in vitro 
with the provoking substance, as it nearly (but not 
quite) always does in anaphylaxis. 

Though this may simply be due to quantitative 
differences, it has led to an alternative theory which 
supposes that reactive bodies other than true anti- 
bodies are concerned in the idiosyncrasies. These are 
termed reagins ; the provoking substances are called 
atopens, and the state to which they give rise is termed 
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Atopy, This theory draws support from the apparently 
non-antigenic character of some of the ‘Atopens’, viz. 
drugs and other chemical substances. It is, however, 
reasonable to believe that these may act like haptens, 
which will give an intracellular precipitate with traces 
of any natural antibody capable of combining with 
them. They can, in fact, induce specific hypersensi- 
tiveness in apparently normal subjects, a phenomenon 
which can be explained by their acquisition of antigenic 
character on coupling with a serum protein (p. 239). 
Thus it is at present not clear that the postulation of 
special ‘reagins’ and ‘atopens’ is necessary for an 
explanation of the idiosyncrasies. 







